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Abstract 
Avian genome mapping efforts have concentrated on the domestic chicken 
(Gallus gallus) due to its economic importance and as a model of vertebrate 
development. Its karyotype consists of 6 large macrochromosomes and 33 small 
microchromosomes and its genome is 1.2 x 10 9 bp in size. Previous work has shown 
that microchromosomes are GC rich and CpG island rich whilst macrochromosomes 
are AT rich and CpG island poor. This suggests that the microchromosomes, though 
small, are more gene dense than macrochromosomes. Indeed I found that 
microchromosomes were approximately twice as gene dense as macrochromosomes. 
The distribution of the avian retrotransposon repeat family Chicken Repeat 1 
(CR1) was used to test the hypothesis, which considers if microchromosomes are 
gene dense, they should have fewer mobile repeats because they contain less non-
essential DNA. A two-fold difference in CR! repeat density macrochromosomes Vs 
microchromosomes was observed. This, combined with the numbers of CR1s 
calculated, supported the hypothesis. In addition to this, new CR1 subfamilies were 
assigned. 
Conservation of the linkage group 5' TH-INS-IGF2 ' in chickens was also 
studied. Work was carried out to determine the order of these genes. The conserved 
linkage of the genes TH and INS was established but their order could not be 
determined. 
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Avian genome mapping efforts have concentrated on the domestic chicken 
(Gallus gallus) due to its importance in meat and egg production and because of its 
utility as a model of vertebrate development. The first genetic linkage map of the 
chicken was reported by (Hutt, 1936) and was the first map of its kind to be 
reported for a livestOck species. This was followed by linkage maps for cattle, sheep 
and pigs (Beattie, 1994). Since this early map, the chicken map has been updated at 
various intervals. For example, the chicken linkage map by (Bumstead and Palyga, 
1992) was the first molecular map of a livestock species that attempted to address 
the whole genome. An international collaboration is currently underway to establish 
a comprehensive molecular map of the chicken genome (Bitgood and Somes Jr, 
1993), (Burt etal., 1995), (Burt etal., 1997) and (Burt and Cheng, 1998). 
1.2 Trait Gene Identification 
There are a number of reasons for carrying out genetic mapping of a livestock 
species. Firstly, to understand the genetic control of economically important, 
biologically significant, traits. Animal welfare and health can be improved by using 
marker assisted selection to eliminate disease. In addition rare breeds can be 
preserved, aspects of speciation and evolution can be investigated and models for 
human disease developed. Economically important genes which control traits such as 
growth rate can also be isolated (Beattie, 1994) and (Edwards, 1994). These traits 
are quantitative in nature i.e. there is continual variation of discrete traits, sex or 
colour and are located at quantitative trait loci (QTL). QTL mapping locates the 
region of interest in order to act as a launch pad for a gene hunt (Figure 1.1), and can 
be done using a number of different approaches. Mapping is also carried out in order 
to study single gene defects, an example being the mapping of the autosomal dwarf 
locus in chicken (Ruyter-Spira etal., 1998). Genetic, cytogenetic and physical maps 
2 
Genome Scan 
Phenotype is associated with two markers, marker I and marker 2 
marker I 	 marker 2 
The trait gene probably lies 
4- 	 - 
somewhere in here 
Examine the linkage map 
marker 1 	 marker 2 
gene 1 	gene 2 	gene 3 	gene 4 
1/ 
These are candidate genes for the trait of interest 
Figure 1.1 Trait Gene Identification 
A phenotype is associated with two markers and the area is examined for 
candidate genes. 
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are used to identify and isolate genes of interest. A brief description of each type of 
map follows: 
Genetic maps study the linkage relationships of gene loci (linkage analysis) 
and are based on genetic markers. A cytogenetic map is based on the physical 
location of probes to chromosomes e.g. genes and is usually based on fluorescence in 
situ hybridisation (FISH). A more detailed physical map can be constructed by 
ordering overlapping cloned DNA fragments into contigs. The most detailed 
physical map is the complete nucleotide sequence (Fries, 1993) and (Smith et al., 
1994). 
1.2.1 Gene Identification Without Map Information 
Gene identification without prior map information relies on having 
information about previously isolated genes. For instance, when tiying to isolate a 
disease gene, only a partial knowledge of the disease is enough to make an educated 
guess about which gene is the cause. An example of this was the work which showed 
that the familial cancer syndrome of Li and Fraumeni is caused by a germline 
missense mutation in the p53 genes (Ballabio, 1993; Collins, 1995). In chickens this 
approach has been used to isolate the dw gene which encodes a growth hormone 
receptor. A recessive mutation in this gene affects growth regulation and 
development and is responsible for sex-linked dwarf chickens (Bumside et al., 
1991); (Hull etal., 1993); (Bumside et al., 1992). 
1.2.2 Functional Cloning 
Functional cloning describes the identification of a trait gene without any 
knowledge of its chromosomal location but knowing its protein product, for example 
its amino acid sequence, or its function (Ballabio, 1993; Collins, 1995). This 
involves the detection and analysis of gene transcripts (Chen et al., 1994) and to 
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achieve this, cDNA libraries are screened using suitable probes. A second possible 
strategy is to use the polymerase chain reaction (PCR) to amplify cDNA with oligos 
from protein sequences. Genes isolated using this approach include the -globin gene 
associated with Sickle Cell Anaemia (Ballabio, 1993). 
1.2.3 Gene Identification With Map Information 
To isolate and identify the gene or genes controlling a particular genetic trait 
the first step is to construct a low resolution map to estimate their number and 
location. Once this information has been gathered, a higher resolution map using 
DNA markers flanking the trait gene(s) can be developed. The gene(s) can then be 
identified by physically cloning the region and identifying genes within it. An 
alternative to this is to propose candidate genes based on genes previously mapped 
to this region or predictions based on comparative maps. 
1.2.4 Positional Cloning 
The isolation of a gene by its map position, without any knowledge of its 
function, is known as positional cloning (Collins, 1995) and (Parimoo, 1995). 
Methods used include the identification of expressed sequences and chromosome 
walking. Positional cloning is used when information about the biochemical or the 
molecular basis of the trait is not available. This approach has been effective in 
identifying a wide range of genes such as the cystic fibrosis gene and the genes 
involved with Beckwith-Weidemann syndrome. Notably, however, this approach is 
not as applicable to livestock species as the existing genetic maps are less dense 
(Mannens et al., 1996), (Ballabio, 1993), (Parimoo, 1995) and (Womack, 1998). 
Also the cystic fibrosis gene was cloned from a region of 500,000 bp, whereas when 
searching for a particular QTL a region of 2 0-40 Mb may have to be searched. 
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1.2.5 Positional Candidate Gene 
The positional candidate gene method of gene isolation is a combination of 
functional and positional cloning using knowledge of gene function and a 
genetic/physical map (Collins, 1995). This approach has been successful in isolating 
disease genes for familial hypertrophic cardiomyopathy (Ballabio, 1993). The 
positional candidate gene approach can be carried out in two possible ways. 
The first approach is used when a new disease locus is assigned to a 
chromosomal region. This is analysed for candidate genes and their features are 
compared with the features of the disease. These include any biochemical defects, 
imprinted inheritance, anticipation, developmental defects and an animal model. The 
second approach uses information from a gene isolated in one species to isolate it in 
another species by sequence comparisons. This involves a new gene being assigned 
to a region of a chromosome by examining sequence domains, expression patterns, 
imprinted expression, sequence instability, developmental expression and 
conservation of synteny across species (Ballabio, 1993). 
An example of this approach is the high-resolution mapping of sequence 
tagged sites (STS) and expressed sequence tags (EST) loci on human chromosome 
2p13 .3 and corresponding markers on mouse chromosome 11. These regions contain 
known genes and the mouse wobbler (wr) region. The detailed mapping of this 
region has narrowed down the wr region thus allowing the selection and exclusion of 
positional candidate genes for wr (Resch et al., 1998). 
1.2.6 Comparative Candidate Positional Gene 
A positional candidate gene approach relies on having a detailed gene map. 
This can be a problem for livestock maps which have few loci associated with 
functional genes (Archibald, 1998). Functionally important sequences such as exons 
are more likely to be conserved across species than introns, interspersed repeat 
sequences or intergenic regions (Sedlacek et al., 1993). The comparative candidate 
positional gene approach uses comparative maps to predict candidate genes. This 
approach takes advantage of the evolutionary history of chromosomes and the 
detailed human and mouse maps available by transferring information from a 'map-
rich' species to 'map-poor' species (Archibald, 1998) and (Womack, 1998). In 
livestock the comparative candidate positional gene strategy has proved effective in 
the study of malignant hyperthermia and the genetic control of colour in pigs 
(Archibald, 1998). 
1.2.7 Genetic Mapping 
Genetic maps summarise the linkage relationship of gene loci (linkage 
analysis) and are based on genetic markers. The markers are placed relative to each 
other and the order determined by recombination. The unit of recombination is 
known as the centimorgan (cM). Two markers are one cM apart if they recombine in 
meiosis once every 100 opportunities they have to do so. 1 cM is equivalent to 
approximately 1 Mb in human, 2 Mb in mouse and 0.3 Mb in chicken (Smith and 
Burt, 1998). 
Genetic maps are used to locate genes or "trait-genes" which control traits of 
interest e.g. disease resistance and to provide information on genome structure. This 
information can be used as a resource for genetic analysis and to help study how 
genomes evolved (Patterson, 1995; Weeks, 1995). On these maps the markers are 
placed relative to each other, their order being determined by recombination. 
Complex or polygenic traits are governed by multiple genes, a notable human 
example of a polygenic trait disease being Type 1 diabetes (Patterson, 1995). 
Polygenic traits are of major interest in livestock species as they govern 
economically important traits (Edwards, 1994). Genetic linkage maps can be used to 
locate regions of the genome that control these traits of economic importance, most 
of which are quantitative in nature. Genes controlling these traits are located at 
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QTLs and the mapping of them has been made easier by having dense maps with a 
high number of polymorphic markers (Beattie, 1994). 
1.2.8 Genetic Markers 
To create a comprehensive genetic linkage map, polymorphic marker loci 
which are evenly distributed throughout the genome are required. A marker must be 
polymorphic i.e. it must exist in different forms (alleles) enabling the chromosomes 
canying the different alleles to be distinguished. Two classes of marker loci, Type I 
and Type II are defined (O'Brien, 1991). Table 1.1 outlines a number of DNA-based 
markers used in the construction of maps and their applications and Table 1.2 the 
genetic markers used on the chicken map. 
1.2.9 Type I Markers 
Type I markers are coding gene loci which tend to be conserved across 
species making them ideal markers for the construction of comparative maps 
(O'Brien et al., 1993) and (O'Brien et al., 1997). Type I loci are less useful than 
Type II markers when mapping trait genes because they are not, or are only slightly 
polymorphic. They are, however, useful when identifying the boundaries of 
conserved synteny and facilitate the identification of candidate genes when a 
particular trait gene locus has been assigned to a chromosome region. 
1.2.10 Type II Markers 
Type II markers are highly polymorphic DNA segments which are often 
species specific, and are useful when mapping trait genes and for the construction of 
Marker Type Acronym Alias 	Required Major Use 
Restriction length polymorphism RFLP Cloned DNA Linkage mapping 
Simple sequence repeats SSR Microsatellite 	Cloned DNA and/or sequence Linkage mapping 
Sequence-tagged site STS DNA sequence Physical mapping 
Expressed sequence tag EST cDNA sequence Physical and linkage mappin 
Random amplified polymorphic DNA RAPD Short oligonucleotide primer Fingerprinting 
Variable number of tandem repeats VNTR Minisatellite 	Repetitive sequence hybridisation probe Fingerprinting 
Chicken repeat 1-based marker CR1 CR1 oligonucleotide primer set Linkage mapping 
Amplified fragment length polymorphism AFLP Designed oligonucleotide primer set Fingerprinting, linkage mappi 
Table 1.1 Types of DNA-Based Markers 
(Dodgson et al., 1997) 
Marker Type Total 
SINES or CR1 repeats 45 
Endogenous retroviruses 37 
VNTRs or minisatellites 52 
Random genomic clones 109 
RAPDs 68 
Classical genes 10 
cDNAs of unknown function 37 
cDNAs of known function 92 
Microsatellites associated with genes 43 
Total number of genes 201 
Anonymous microsateltites 1020 
Total number of microsatellites 1063 
Total number of markers 1513 
Table 1.2 Genetic Markers on the Chicken Map 
CR1- Chicken Repeat 1; VNTR- Variable number of tandem repeat; RAPD-
Random amplified polymorphic DNA; SINES- Short interspersed elements; 
(Burt and Cheng, 1998) 
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linkage maps (Crooijmans et al., 1993). Using the chicken linkage maps as an 
example (Table 1.2), common Type II markers include Chicken Repeat 1 (CR1), 
short interspersed repeats (SiNES), restriction fragment length polymorphisms 
(RFLPs), minisatellites and simple sequence repeats such as microsatellite markers. 
Microsatellites are tandem repeats of one to six bp motifs with variations in the 
number of repeats of a simple sequence i.e. CA (fl). They are a popular research tool 
due to being widely distributed in eukaryotic genomes, multi-allelic, co-dominant and 
assayable by PCR. The automated typing of large populations can be carried out 
using microsatellites (Burt and Cheng, 1998) and (Dodgson etal., 1997). 
Type II markers are of less use in comparative studies as they are poorly 
conserved between distantly related species. They can be used in linkage mapping 
between closely related species. For example, there is a close evolutionary 
relationship between sheep and cattle, which has led to cattle microsatellites being 
used in the construction of a sheep linkage map (Broad et al., 1998) and (Marshall 
Graves, 1998). 
A recent example of type II markers being used to characterise another avian 
genome is the development of a genetic map of the turkey genome. To characterise 
the genome and to aid in the construction of genetic maps, turkey genomic libraries 
enriched with the TG, GAT, and CCT simple repeats have been produced (Huang et 
al., 1999). 
1.2.11 Genetic Linkage Analysis 
Recombination occurs during meiosis when pairs of homologous 
chromosomes come together and exchange segments. The further a marker is from a 
gene, the greater the chance of recombination between them. Linkage analysis 
compares within a family, the inheritance of a marker with the inheritance of DNA 
markers of a known chromosomal location. The co-inheritance of a gene and a marker 
suggests that they are physically close on the chromosome. Two probability 
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calculations are made, the first to fmd the probability that the observed inheritance 
pattern has occurred by chance and is completely unlinked. The second probability 
calculation assumes there is linkage between the two. The ratio of the two 
probabilities is calculated, and expresses the odds for and against that degree of 
linkage. The logarithm of the ratio is called the logarithm of the odds or the lod score. 
A lod score equal to, or greater than, 3 strongly suggests that two markers are linked 
and programs such as Map Manager (Manly, 1993) can be used to carry out these 
calculations. 
1.2.12 Mapping the Chicken Genome 
The chicken genome is being mapped to identify genetic markers linked to 
traits of economic value, to find animal models of human disease, and to aid the 
study of the evolution of the vertebrate genome. To achieve this, large pedigrees and 
crosses between lines which show extreme differences in phenotypes are required. 
When linkage is established candidate genes can then be identified. 
1.2.13 International Reference Crosses 
1.2.14 The Compton Cross 
With the aim of producing a linkage map to help identify and locate genes 
affecting salmonella disease resistance a reference mapping population, called the 
Compton Cross, was developed by Nat Bumstead and Jan Palyga at the Institute for 
Animal Health in the UK. This was a backcross between two inbred White leghorn 
lines which differed in disease resistance. A single F 1 female was backcrossed to a 
line 151 male. The Z chromosome could not be mapped with this reference family 
due to a female being used in the backcross. The mapping panel was formed with 
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DNA from 56 individuals and the map constructed using RFLP and microsatellite 
markers (Bumstead and Palyga, 1992). 
1.2.15 The East Lansing Cross 
The East Lansing reference family was developed by Lymen Crittenden at 
Michigan State University in the USA and is a backcross between a single female 
from the highly inbred UCD-003 White Leghorn (WL) line and a male from the 
partially inbred UCD-001 Red Jungle Fowl line. Two of the F 1 males were 
backcrossed with 10 and 8 UCD-003 WL females to generate 208 and 192 progeny, 
respectively. A mapping panel of 52 backcross progeny (1 F 1 male x 4 WL females) 
has been produced. The initial map consisted of RFLP, random amplified 
polymorphic DNA markers and chicken repeat element 1 markers (Crittenden et al., 
1993). Microsatellite markers have subsequently been mapped. 
1.2.16 The Wageningen Cross 
With approximately fifty offspring each, the East Lansing and Compton 
reference mapping populations are small and microsatellite coverage of the maps is 
not complete. The Wageningen reference family, has been produced by Martien 
Groenen (University of Wageningen, The Netherlands) and the poultry breeding 
company Euribrid. It comprises of a cross of two commercial broiler lines. A total 
of 430 microsatellite markers were analysed and a linkage map developed. The 
Wageningen map has markers in common with the maps based on the Compton and 
East Lansing reference populations, which is of use when drawing data together to 
generating a consensus map (Groenen et al., 1998). 
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1.3 Databases 
Molecular biology and genome research has benefited from the collection of 
data in public domain databases. Large scale sequencing efforts have generated a large 
amount of data which is analysed to identify coding sequences and to search for 
sequence similarities (Parimoo, 1995). Databases can be accessed by the Internet and 
contain data from large and small genome projects (Gelbart, 1998). Often a database 
is a simple way of finding an up to date copy of a map of a particular species or to 
isolate a potential candidate gene. 
Genome databases can be divided into two groups, generalised and 
specialised. Generalised databases archive nucleic acid sequences such as the 
GenBankfEMBLIDDBJ or polypeptide sequences such as PIR and SwissProt 
(Gelbart, 1998). Gene homologies from sequence data are found using sequence 
alignment tools, such as the Basic Local Alignment Search Tool (BLAST) program 
(Altschul et al., 1990). Two types of searches can be carried out using the general 
databases outlined in Table 1.3. The first, BLASTN compares a nucleotide query 
sequence against nucleotide sequence databases. The second, BLASTX, examines a 
sequence for the presence of protein coding regions against databases of protein 
sequences (Gish and States, 1993). 
Specialised genome databases, Table 1.4, are available for a variety of 
mapping projects including human, mouse and livestock species. Each database often 
documents a specific model organism or a particular biological function, such as 
protein family databases (Gelbart, 1998). Table 1.4 also outlines comparative 
databases such as the Comparative Mapping Home Page, (La Trobe University, 
Australia) and the Livestock Animal Genome Databases, (Roslin Institute, 
Scotland). These document homologous genes and their chromosomal location among 
mammalian species (Nadeau etal., 1995). 
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Program 	 Database Searches 
BLASTN nr 	All non-redundant GenBank +DDBJ 
Compares a nucleotide query 
	 sequences (but no EST's or STS's) 
sequence against a nucleotide 
sequence database 
BLASTX 
Compares a nucleotide query 
sequence translated in all 
frames against a protein 
sequence database 
955 Genome Survey Sequence, includes 
single-pass genomic data, exon-trapped 
sequences, and Alu PCR sequences 
dbEST Non-redundant database of 
GenBank+EMBL+DDBJ EST Divisions 
dbSTS Non-redundant database of 
GenBank+EMBL-i-DDBJ STS divisions 
1DB Provides access to cDNAIEST 
sequence and related data from The 
Institute for Genomic Research (TIGR), 
Human Genome Sciences (HGS) and 
world wide EST projects. 
nr All non-redundant 
GenBank+EMBL+DDBJ sequences (but 
no ESTs or STS's) 
Table 1.3 Sequence Databases Used During BLAST Searches 
EST-Expressed sequence tagged site; STS-Sequence tagged site; nr-Non- 
redundant; EMBL- European Molecular Biology Laboratory; DDBJ- DNA 
database of Japan ;TDB-TIGR database ;db- database 
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Chicken genome database, Arkdb-CHICK 
Genome Database (GDB) 
UniGene and Gene Map '98 
Online Medline Inheritance in Man (OMIM) 
Mouse Genome Database (MGD) 
Fugu genome Project, Welcome Trust, Genome Campus, 
Cambridge, UK 
Comparative Mapping Home Page, La Trobe University, 
Australia 








http://www. latrobe.edu.au/www/genetics/compmap . 
html 
hftp://www. ri.bbsrc.ac.uk/genome_mapping.html  
C.elegans 	ACeDB C.elegans database, The Sanger Centre, Hinxton Hall, 	http://www.sanger.ac.uk/Projects/C_elegans  
Cambridge, UK 
Table 1.4 Genome Databases on the Internet 
(Wakefield, et al., 1998) 	 continued 
Table 1.4 continued 
Species 	Database Name and Institution 	 Universal Resource Locator (URL) 
Cattle Institut National de Recherche Agronomique, jouy-en-Josaas, 	hftp://locus.jouy.inra.fr/cgi-bin/bovmap/intro.pi  
Laboratoire de Genetique Biochimique, France 
Cattle, pig 	USDA Meat Animal Research Centre Clay Centre, Nebraska, 
USA 
Dog Dog Genome Project, University of Michigan, USA 
Drosophila FlyBase (Drosophila Mapping database) Harvard University 
Cambridge, USA 
Marsupials Roobase (Marsupial Genome Database) La Trobe University, 
Monotremes Australia 
Rat RATMAP database, Goteborg University, Sweden 
Shrew International Sorex araneus Cytogenetics Committee 
Sheep Sheepbase, Roslin Institute, Scotland, UK 
Vertebrate OMIA (Mendialian Inheritance in Animals) University of 
animal Sydney, Australia 
species 
other than 






hftp://www.ri.bbsrc.ac. uk/sheepmap/  
hftp://www.angis.su.oz.au/Databasers/BIRX/omia/  
Zebrafish 	Institute of Neuroscience, University of Oregon, USA 	 http://zfish.uoregon.edu/ 
1.4 Model Species For Genome Studies 
Model species are used as a tool to isolate genes and determine their function 
when direct study in a particular species (e.g. human) is difficult because of 
complexity and ethical considerations. The functional analysis of gene loci is greatly 
simplified by comparative studies in other species. In addition, model species can be 
used as a means of developing techniques which are required to isolate genes in other 
species. General characteristics of a model species include being well investigated, 
possessing a reasonably sized, compact genome, plus knowledge of genetic and 
comparative maps to facilitate positional cloning. Other requirements include having 
similar methods of gene replication, recombination and control of gene expression, 
plus showing structural and functional homologies with other genomes (Levy, 1994). 
Several model species for genome studies include mouse, the puffer fish Fugu 
rubripes, the yeast Saccharomyces cerevisiae, the nematode Caenorhabditis elegans 
and livestock species such as the chicken. 
The mouse has become an important species for the modelling of human 
disease and studying gene function (Brown, 1994) and its genetic map is complete 
(Dietrich et al., 1996) i.e. a new genetic marker has a greater than 95% chance of 
linkage to another-previously-- mapped marker. Advantages of this species include 
being able to control breeding, the number of different coat colours, anatomic and 
behavioural variants and the availability of inbred strains (O'Brien et al., 1993) and 
(Dietrich et al., 1995). It is also possible to generate gene knockouts in the mouse 
(Dietrich etal., 1995). 
Comparisons of human and mouse maps have shown areas of conserved 
synteny and gene order (DeBry and Seldin, 1996). This information plus the large 
number of genes mapped in mouse make it an ideal species for comparative studies. 
New human genes can be isolated by locating them in the mouse first (Brown, 
1994). An example of this is the discovery of several loci predisposing to diabetes 
which were first mapped in mice and then in humans (Edwards, 1994). 
The puffer fish Fugu rubripes has a similar gene collection to the human 
genome (Elgar et al., 1996). As there is a lack of traditional linkage studies with 
interspecific backcross analysis, use of Fugu as a model species may appear limited. 
Studies have concentrated on DNA and RNA levels, and examing comparative gene 
structure and organisation (Elgar and Clark, 1998). The haploid genome size of Fugu 
is approximately 400 Mb and contains little repetitive DNA, smaller introns, a high 
gene density, and no pseudogenes or dispersed repeats. These features allow cross 
species hybridisation between Fugu and more complex genomes, making it an ideal 
system for the discovery of genes. However, Fugu and mammalian species are 
evolutionary some 420 million years apart, which can cause problems with this 
method of gene isolation. Unless a sequence is highly conserved, it might not always 
be possible to isolate a gene by sequence hybridisation (Elgar, 1996) and (Elgar and 
Clark, 1998). Also, many fish are polyploid or are derived from polyploid ancestors. 
The bakers yeast Saccharomyces cerevisiae has been used by geneticists as a 
model for higher eukaryotes and basic biological research. It easy to manipulate, and 
has an efficient, compact genome of 12052 kb with its genes arranged on 16 
chromosomes. A great effort was made to sequence its genome which is now 
complete (Butler, 1996) and the experience gained can be used in other sequencing 
projects. The analysis of the complete sequence is underway and will serve as a 
model for post-sequencing studies for other organisms (Dujon, 1996). 
From the sequence, the ultimate anatomy of the genome can be examined. In 
yeast, features such as average (H-C content, gene density, pseudogenes, open 
reading frames (ORFs), length of intergenic regions, number/length of introns and 
conservation of intron-exon-junction sequences have all been studied. The yeast 
genome was found to contain genes which have no clear function or sequence 
homologies with any other organism (including yeast). These genes are known as 
orphans and make up approximately 30-35% of ORFs in the yeast genomes. To 
determine if these are real genes, a combination of prediction by computer and gene 
knockout experiments need to be carried out (Dujon, 1996). 
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An example of analysis of the S. cerevisiae sequence is a sequence similarity 
search between yeast and human sequence. This was carried out to identify yeast 
homologs of human disease-associated genes and to understand their function. A total 
of 3 1 % of the human disease-associated genes analysed had homology to yeast genes 
and it was suggested that the catalytic domains of the yeast and human proteins have 
identical functions (Foury, 1997). 
The free-living nematode Caenorhabditis elegans acts as a model organism in 
the study of higher eukaryotes and in cell biology, cell death, development, 
neurobiology, sex determination and genetics (Chalfie and Jorgensen, 1998), 
(Metzstein et al., 1998) and (Wilson, 1999). Advantages of C. elegans as a model 
include being well characterised, its small size, rapid generation time and the 
generation of gene knockouts (Chalfie and Jorgensen, 1998). C.elegans has a small, 
compact genome of approximately 97 Mb which has been completely sequenced. 
This is the first multicellular organism to be sequenced in its entirety, and this work 
has served as a pilot study for the human genome project. For example, software 
tools developed for the C. elegans project have been applied to human genome 
sequencing. The completed C. elegans sequence has revealed 18, 000 predicted 
protein coding genes and approximately 1000 RNA genes. The identification and 
analysis of their roles is now underway (Hodgkin and Herman, 1998) and (Wilson, 
1999). 
1.4.1 Chicken as a Model Vertebrate 
The chicken is a good model species for a number of reasons. Advantages of the 
chicken for gene mapping include their nucleated red blood cells which enable large 
amounts of DNA to be extracted from small samples. They possess a relatively small 
genome of approximately 1.2 x 10 9 bp, which is one third the size of the human genome. 
This suggests that the chicken genome is three times more compact and could be easily 
sequence sampled (Burt etal., 1995), (Bumstead and Palyga, 1992) and (Holden, 1996). 
Sequence sampling (see also section 2.17, Materials and Methods) is a simple method of 
constructing high resolution physical maps from regions of genomic DNA (Smith et al., 
1994). Clones covering the region of interest are isolated and partially sequenced. The 
DNA sequence is analysed to identify gene homologies, repetitive elements and putative 
intron-exon boundaries (Smith et al., 1994). 
Using the genetic linkage map, conserved syntenic groups and conserved gene 
order between avian and mammalian species have been identified, allowing 
comparative mapping experiments to be carried out. In addition the chicken can also 
act as a model for the molecular basis of vertebrate limb development. Mutations 
such as wingless, limbless and talpid 3 (ta) have been studied (Burt et al., 1995) and 
(Johnson and Tabin, 1997). 
1.5 Avian Genome Size 
Avian species tend to have smaller genomes than those of amphibians, 
reptiles or mammals and it has been suggested that avian genome size reduced over a 
long period of time due to a series of deletions in the introns, see Figure 1.2. It has 
been hypothesised that the metabolic demands flight puts on a bird has placed a 
restraint on genome size (Hughes and Hughes, 1995). Bats also have a small genome 
size compared to other non-flying mammals. Both birds and bats have a high 
metabolic rate and a small genome (Burton and Bickham, 1989) and (Van Den 
Bussche et al., 1995). It is interesting to note that among flightless birds genome size 
tends to be larger than in flying birds (Hughes and Hughes, 1995). For example the 
Turtle Dove has a mean DNA content of 2.46 picograms, the domestic chicken one of 
2.47 and Jackass Penguin 3.26 picograms (Tiersch and Wachtel, 1991). 
The genome size (nuclear DNA content) of 135 bird species was analysed. 
The genome size was found to be the most conservative and uniform of any 







Introns 	 Exons 
Figure 1.2 The Lengths of Human and Chicken Exons and Introns 
The mean lengths of 111 homologous introns and 141 homologous exons from 31 
genes of human (open columns) and chicken (grey columns) are described. Human 
introns are longer than their chicken homologues but exons are only marginally larger 
than their chicken counterparts. The difference is not statistically significant (Hughes 
and Hughes, 1995). 
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genome that was reduced before the emergence of the primitive bird ancestor (Tiersch 
and Wachtel, 1991). 
1.6 Avian Karyotypes 
Avian chromosomes are divided, by size, into two groups called 
macrochromosomes and microchromosomes. The macrochromosomes are similar in size 
to human chromosomes and are easily distinguishable from each other by their 
morphology and specific banding patterns. The microchromosomes are smaller and are 
maintained at a constant number, with telomeric sequences. They are cytologically 
indistinguishable from each other and are barely visible under a light microscope, 
making classification impossible (Carlemus, 1981), (Fritschi and Stranzinger, 1985) and 
(Hmegardner, 1976). Microchromosomes are observed in lower numbers than avians in 
vertebrates such as fish but disappear in mammals and may be evidence of them being 
ancestral chromosomes (Fillon, 1998) and (Rodionov, 1996). 
In birds the sex chromosomes, Z and W, are in reverse with respect to mammals 
with the male being the homogametic sex, ZZ, and the female heterogametic, ZW 
(Crawford, 1990) and (Fritschi and Stranzinger, 1985). 
The kaiyotypes of 234 bird species were compared and the average number of 
diploid chromosomes was found to be 80, comprising of 8 pairs of macrochromosomes 
and 32 pairs of microchromosomes (Tegeistrom and Ryttman, 1981). Table 1.5 
summarises the diploid number of chromosomes for different species of birds. 
Exceptions to this are the Falconiformes, especially the Accipitridae family, which have 
three to six microchromosome pairs (Dc Boer and Sinoo, 1984). 
1.7 Repetitive DNA Sequences in Avian Genomes 
Repetitive sequences are dispersed throughout the avian genome, but in general, 
the percentage of repeats in birds is low compared to mammals. One repeat found 
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Common Name 	Diploid Number Sex Chromosomes 
of Chromosomes 
Chicken 	- 78 Z,W 
Turkey 80 Z,W 
Japanese Quail 78 Z,W 
Mallard Duck 78 Z,W 
Pheasant 82 Z,W 
Falconiformes: 
Lanner Falcon 52 Unknown 
Kestrel 52 ZW 
Buzzard 68 ZW 
Parakeet 58 ZW 
Ratitae: 
Ostrich 80 No Heteromorphism 
Cassowary 80 No Heteromorphism 
Emu 80 No Heteromorphism 
Rhea 82 ZW 
Table 1.5 The Diploid Number of Chromosomes For Different 
Bird Species 
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throughout the avian genome, are short interspersed DNA elements called chicken 
repeat 1 (CR1). First isolated in chickens, they are widely distributed in vastly differing 
avian genomes such as emu, crane and chicken (Chen et al., 1991). CR1 repetitive 
elements belong to the class of non-long terminal repeat retrotransposons, which also 
includes Li elements in mammals (Vandergon and Reitman, 1994). In addition to avian 
CR1 repeats, reptilian homologs have been discovered, indicating they occurred some 
time before the divergence of reptile and bird lineage's. 
Minisatellites in the chicken genome, numbering 50-100,000, are not evenly 
distributed and are generally unlinked because of high recombination rates in and around 
them (Bruford and Burke, 1994). The most common marker on the East Lansing map is 
the microsatellite. Clustering of microsatellites has been observed and they appear to be 
more frequent on the microchromosomes and may be a reflection of this type of 
repetitive element having a tendency to locate near the centromeres and telomeres 
which make up a larger percentage of inicrochromosomal DNA or an artefact. CA 
microsatellites have been found to be infrequent on the Z chromosome and moderately 
infrequent on the microchromosomes (Primmer et al., 1997). The number of CA 
microsatellites is 10-fold lower than that found in mammals (Crooijmans et al., 1993) 
and (Primmer etal., 1997). 
1.8 Comparative Mapping 
Information for comparative mapping is generated from the genetic maps of 
many different species. Many chromosomal sequences are highly conserved over a 
wide range of species and comparative maps between species are informative in various 
ways. They can be used to understand chromosomal rearrangements that have occurred 
during the divergence of mammalian lineage's (Eppig, 1996). Conserved chromosomal 
segments can be used to predict linkages, identify candidate genes and to study 
vertebrate genome organisation and evolution (Nadeau and Sankoff, 1998). 
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1.8.1 Comparative Mapping in Chickens 
It is now possible to compare the chicken genome maps with the more complete 
maps of mouse and human (Andersson et al., 1996), (Burt et al., 1995; Burt et al., 
1997). Comparisons can be used to fmd candidate genes. For example, the NRAMPJ 
gene forms part of a conserved syntenic group containing at least 24 expressed loci and 
is defmed by the genes C613al and Co16a3. This syntenic group has been found in 
mouse (chromosome 1), human (chromosome 2q35), sheep (chromosome 2q41), cattle 
(chromosome 2) and rat (chromosome 9). The chicken homolog of the NRAMPJ gene 
has been assigned to a linkage group found on chromosome 7, which also contains at 
least four other genes belonging to the syntenic group from human and mouse. In the 
conserved region in chicken, the order of the genes was not completely conserved. This 
suggests that some kind of rearrangement has occurred (Girard-Santosuosso et al., 
1997). Further examples of conservation observed between chicken, mouse and humans 
are described in Table 1.6 and describes regions of conserved synteny and gene order 
between human, mouse and chicken. Conserved gene order can be observed with the 
genes TCP1, IGF2R, VIP, ESR, MYB, PLN and FYN which are all located on 
chromosome 3 in chickens and chromosome 6 in humans. 
1.8.2 Conservation of Synteny 
Two genes are said to be syntenic if they are located on the same chromosome 
(see Figure 1.3 a). When the same set of genes are grouped together on one chromosome 
in one species and the same group are found together on a chromosome in another 
species this is known as conserved synteny (see Figure 1.3 b and Table 1.6). Conserved 
linkage, Figure 1.3 c, occurs when the order of genes or markers is the same in two or 
more species (also see Table 1.6). 
Though birds diverged from mammals 300-350 million years ago (Mya) (Nanda 
et al., 1999), conserved blocks of synteny between human and chicken chromosomes 
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Locus 	Chicken 	Human 	Mouse 
BMP2 3 20p12 2 	76.0 
TGFB2 3 q22-q23 1q41 1101.5 
ACTN2 3 1q42-q43 13 	7.0 
HMXI 3 4p16.1 5 	13.1 
T 3 6q27 17 	4.0 
TCPI 3 6q25-q27 17 	7.5 
IGF2R 3 6q25.3 17 	7.4 
VIP 3 6q24-q27 10 	Sa 
ESR 3 6q25.1 1012.0 
MYB 3 q24-26 6q23.3-q24 10 16.0 
PLN 3 6q22.1 10 	Sa 
FYN 3 6q21 1025.0 
CCNC 3 q27-q29 6q21 10 	Sa 
MEl 3 6q12 9 	48.0 
EEFIAI 3 6q14 4 	Sa 
BMP5 3 6q12-q13 9 	42.0 
GSTA2 3 6p12 9 	43.0 
ODCI 3 2p25 12 	6.0 
MYCN 3 2p24.3 124.0 
Table 1.6 Examples of Conserved Synteny, Segments and 
Gene Order Between Chicken, Human and Mouse 
sa mapped using synteny data 
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Syritenic genes: two genes are located on the sane chronDsorre 
Al 	
B 
Conserved Synteny: two or more pairs of horrologous genes on the same chromosome 
in two or more species: markers need not occur in the same order 
A 	 B 	 C 
SpeciesA 	I I I 
	
B 	p 
SpeciesB 	 I I 
Conserved Linkege: conserved sy nteny and conserved gene order 
A 	 B 	 C 
SpeciesA 	 I I I 
A 	B 	 C 
I I I 
Figure 1.3 Synteny and Linkage Conservation 
have been identified. Regions of human chromosomes 6, 4 and 9 were found to be 
homologous to regions on chicken chromosomes 3, 4 and Z, respectively (Chowdhary 
et al., 1998). The largest region of conserved synteny observed is between the chicken 
Z chromosome and human chromosome 9, with 11 out of 18 genes on the Z having 
orthologs on chromosome 9. The order of these genes has been altered by an inversion 
(Nanda et al., I 999).To aid the chicken comparative mapping effort thirty new type I 
markers have been assigned by FISH (Sazanov etal., 1998). A total of 16 mapped to a 
macrochromosome and 28 to a microchromosome. Their assignment extended known 
syntenic groups on four of the macrochromosomes. 
1.8.3 Homologs, Paralogs and Orthologs 
Different types of molecular homology have been described. The first are 
homologs, which are genes descended from a common ancestor; for example all the 
globin genes. When deciding if two genes are homologous, features such as shared 
functions, sequence, similar expression, conserved map position, subcellular location 
and substrate specificity should be considered (Andersson et al., 1996). These are 
important when considering ancestral genome duplications, transpositions and 
subsequent functional divergence. Sequence similarity, though important, can be 
misleading because of shared motifs, pseudogenes and related gene family members 
(Eppig, 1996). 
Orthologous genes, such as the human - and chimp -globin genes, have 
diverged from a common ancestral gene after speciation events. Homologous genes 
which undergo gene duplication events such as tetrapliodization and regional 
duplications prior to divergence give rise to paralogous genes. Paralogous genes, an 
example of which are the 3- and y-globuIin genes, make up many gene families and 
superfamilies (Eisen, 1998) and (Lundin, 1993). 
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1.9 The Chicken Genome and Karyotype 
Table 1.7 outlines the general characteristics of the chicken genome. Its 
karyotype consists of macrochromosomes (chromosomes 1-5 and sex chromosome Z) 
and microchromosomes (chromosomes 6-8, the remaining chromosomes and the W sex 
chromosome). Figure 1.4 describes the karyotype (Bloom et al., 1993). Chromosomes 
1-8 and the sex chromosomes, Z and W have been distinguished by GTG- and RBG-
banding studies carried out by the International Committee for the Standardisation of 
the Avian Karyotype (Ladjali et al., 1999). The remaining chromosomes remain 
indistinguishable by this method. The physical lengths and DNA content of the eight 
largest chromosomes are summarised in Table 1.8 (Smith and Burt, 1998). An approach 
using FISH with cDNA, yeast artificial chromosome (YAC) or cosmid probes specific 
to microchromosomes could solve the problem of microcbromosome identification. 
Sixteen microchromosomes have been identified with two-colour FISH experiments 
(Fillon etal., 1998). 
1.10 Recombination on Macrochromosomes and Microchromosomes 
In chicken oocytes, the frequency of chiasmata on the macrochromosomes is 
linearly dependent on chromosome length. This was not observed for the 
microchromosomes, with one to two chiasmata on the larger microchromosomes (nos. 
6-10) and one chiasma in the remaining chromosomes. The ZW sex chromosomes were 
also found to have one chiasma. Compared to human spermatocyte chromosomes, 
macrochromosome crossing over was found to occur twice as often and was even higher 
in the microchromosomes. A high frequency of exchanges in the microchromosomes has 
been observed in plants and animals and is related to each chromosome requiring at least 
one chiasma for homologous chromosomes to separate correctly in anaphase. For 
crossing-over in microchromosomes, there must be an increase in the frequency of 
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Microchromosomes 	 Macrochromosomes 
31 microchromosome 	 8 macrochromosomes 
Size: 1/10 the size of 
macrochromosomes 
30% of genomea 
Hard to distinguish by 
morphology and banding patterns 
Have telomeres and centromeresb 
Maintained at a constant number 
GC rich? 
CpG island rich? 
Gene rich? 
Size: Close to human 
70% of genomea 
Easy to distinguish by 
morphology and banding patterns 
Have telomeres and centromeresb 
Maintained at a constant number 
AT rich? 
CpG island poor? 
Gene poor? 
Table 1.7 Characteristics of Chicken Macrochromosomes and 
Microchromosomes 
a(Smith and Burt, 1998); b(Rodionov,  1996); The chicken genome is 1.2 billion bp 
in size, comprising of an estimated 60-100,000 genes (Burt et al., 1995). The GC 
content is 42% and the O/E CpG ratio 0.25. The major repeats are the CR1 
elements (Vandergon and Reitman, 1994) and the repeat fraction is 12% (Bloom 
etal., 1993). 
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Figure 1.4 The Chicken Karyotype 
Clear R- and G- banding patterns can be observed in all macrochromosomes and 
microchromosomes to size number 10. (A) RBG-banded karyotype for pairs I to 10 and 
sex chromosomes; (B) GTG-banded karyotype for pairs I to 10 and sex chromsomes. 
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Figure 1.4 
' 	! '! 	
U 
	
U 	Ii 	Sn a. 	U 	Ii 	e 
6 	 7 	 8 	 9 	10 
6 	 7 	 8 	9 	10 
a' 
	 1 
zw 	 zw 
Chromosome 	Area DNA Physical Measured 
OW contentb + se length length + se 
(%) (Mb) (arbitrary units) 
1 20.5 20.8±0.8 250 1.14±0.07 
2 12.8 15.1 +0.3 181 0.84+0.04 
3 9.0 11.5+0.3 138 0.63+0.02 
4 7.1 9.1 ±0.3 109 0.48+0.02 
5 5.8 5.3 + 0.2 64 0.34 ± 0.02 
6 3.2 3.5+0.1 42 0.24±0.01 
7 3.2 3.4+0.2 41 0.22±0.01 
8 1.9 2.5+0.1 30 0.20±0.01 
Z 7.1 8.4±0.4 101 0.49+0.03 
W 1.9 2.8 ± 0.2 34 0.20 ± 0.01 
Table 1.8 Physical Lengths of Chicken Chromosomes 
a - (Bloom et al., 1993); b - (Smith and Burt, 1998) 
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reciprocal recombination in all areas of the chromosome or a "hot spot" of 
recombination (Rodionov etal., 1992). 
1.11 CpG Islands, Gene Density/Distribution and Chicken Microchromosomes 
1.11.1 Cytology 
Chromosome identification and karyotyping can be carried out using banding 
patterns of metaphase chromosomes. Such studies have also shown chromosomes to be 
made up of segments with different structural, replication and staining properties. 
Compositional and functional differences have been observed between mammalian G-
and R-bands (see Table 1.9). It has been observed that genes mapped accurately enough 
lie in R- bands and their GC-rich subclass T-bands rather than G-bands (Holmquist, 
1992) and (Sumner etal., 1993). 
Giemsa staining of vertebrate chromosomes has highlighted GC and AT-rich 
regions. The Giemsa light R bands replicate early during S phase and are GC-rich with 
the majority of house-keeping genes associated with them. In contrast, G band DNA 
replicates later in S phase and is more AT-rich than R band DNA (Holmquist et al., 
1982) The majority of tissue specific genes are located in G bands. Similar banding 
patterns have been observed on both macrochromosomes and microchromosomes, 
which complements these earlier studies (McQueen et al., 1996). From replication 
timing experiments, microchromosomes were found to replicate early during the first 
half of S phase and the macrochromosomes late during the mid to late S phase. Staining 
of chicken and other avian chromosomes suggested that certain areas such as the 
microchromosomes have a high proportion of early replicating DNA and were GC-rich 
(Ponce de Leon etal., 1992) and (McQueen et al., 1998). CpG islands were associated 
with early replicating, GC-rich, R band DNA. On macrochromosomes, however, the 
DNA tended to be late-replicating and AT-rich (Craig and Bickmore, 1994). 
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Banding 	 Method 	 Relationship to G Band 
G 	Giemsa staining after proteolytic digestion 
R 	Giemsa staining after heat denaturation in saline. Or Reverse to G bands i.e. G positive bands are R- 
staining with chromomycin antibiotics which have a negative and vice versa 
a' 
bias for GC-rich DNA 
T 	R banding at elevated temperatures 	 A subset of R bands 
Q 
	
	Staining with AT-specific fluorescent dyes e.g. G positive bands are also Q positive 
quinacrine 
Table 1.9 Chromosome Banding Techniques 
(Craig and Bickmore, 1994) 
1.11.2 CpG Islands 
CpG islands are regions of non-methylated DNA which have a high G + C 
content of 60-70% compared to the 40% G + C of bulk DNA and are generally 
between 0.5 and 2 kb in length. CpG islands are often located within the promoter 
region of genes and have been found at all house keeping genes plus around 40% of 
tissue specific genes (Antequera and Bird, 1993), (Cross, 1995), (Delgado et al., 
1998). They are known to contain multiple binding sites for transcription factors 
and can act as initiation sites for transcription and DNA replication (Delgado et al., 
1998) and (Jones, 1999). Genes can be isolated by locating CpG islands and in 
certain cases the methylation of CpG islands is associated with gene inactivation. 
Common in mammals and higher vertebrates, CpG islands are less abundant 
in lower vertebrates and are found in some plant species (Sumner et al., 1993), 
(Cross, 1995) and (Parimoo, 1995). The definition of CpG islands used in this 
thesis is a region of DNA 200 bp or more in length, an observed over expected (OlE) 
CpG content of greater than 0.6 and a %GC of more than 50% (Antequera and Bird, 
1993) and (Jones, 1999). 
To examine their distribution in various genomes, CpG island libraries for 
human (Cross et al., 1994), mouse (Cross et al., 1997) and pig (McQueen et al., 
1997) were constructed. From these studies, CpG islands were found to have a non-
random distribution, with clustering of CpGs being observed. 
Originally, it was assumed that chicken microchromosomes carried very few 
genes, the bulk being found on the macrochromosomes. A CpG island library was 
constructed to determine the distribution of genes in the chicken genome (McQueen 
et al., 1996). To the library was prepared with Mse I-digested chicken liver DNA 
using differential binding to a methyl-CpG binding column before and after de novo 
methylation. Studies with this library showed that on the microchromosomes, CpG 
islands appear to be very concentrated and therefore potentially gene rich. The 
macrochromosomes had very few CpG islands however and are therefore possibly 
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gene poor. Microchromosome euchromatin therefore appears to be gene rich and 
replicates earlier than macrochromosomes. This matches human CpG islands which 
are concentrated in early replicating domains (McQueen et al., 1996). This 
corresponds with banding studies which also place CpG islands within the early 
replicating portions of the genome. 
Out of 20 chicken genes chosen at random from the sequence database, 14 
had CpG islands (McQueen et al., 1996). There are in the region of 45,000 CpG 
islands per haploid genome in humans and approximately 37, 000 found in mouse 
(Antequera and Bird, 1993) and (Cross, 1995). By assuming that chicken has a 
similar number of CpG islands to mammals, it was estimated to be a gene with a 
CpG island at approximately 1 gene per 10 kb of microchromosomal DNA 
(McQueen et al., 1996). If true, this would mean that the gene density on 
microchromosomes would be close to the maximum value known for vertebrates and 
it has been suggested that there are some similarities between the puffer fish, Fugu, 
which has a compact genome and the microchromosome portion of the chicken 
genome (McQueen et al., 1996). It is interesting to note that the majority of Fugu 
genes, including the housekeeping genes, lack CpG islands at their 5' ends (Elgar, 
1996). 
1.12 Aims and Objectives of the Thesis 
The macrochromosomes and microchromosomes appear to differ in regards to 
repeat distribution, G + C content and gene density. Based on this, this thesis asks 
and attempts to answer a number of questions. 
1) Are microchromosomes gene dense and macrochromosomes, by comparison, less 
gene dense? 
Are CpG islands concentrated on the microchromosomes as suggested by prior 
studies? 
If microchromosomes are gene dense, will they have fewer repeats? 
Other features of the chicken genome include the mobile CR1 repeats. 
If microchromosomes are gene dense, then they should have fewer repeats because 
they contain less "junk" DNA and therefore have less room for integration. Is the 
distribution of CR1 repeats affected by gene density? 
There is evidence to suggest that CR1 s are an ancient class of repeat, existing 
before the divergence of avians and reptiles. How has this repeat has evolved? 
Is there any evidence for the types of selective forces that constrain the expansion 
of the chicken genome and do these forces act equally on macrochromosomes and 
microchromosomes? 
In addition, regions of conserved genes (coding and non-coding regulatoiy 
sequences), conserved syntenic groups and conserved gene order have been found 
between chicken and other vertebrate species. 
In Humans the genes Tyrosine Hydroxylase (TH), Insulin (INS) and Insulin-Like 
Growth Factor-I! (IGF-II) are contiguous and map to chromosome lipl5.5, forming 
the linkage group 5' TH-INS-IGF-II-3'. In the chicken these genes have been mapped 
to chromosome 5 but their order is unknown. What is the order of these genes in 
chicken? 
The main approach used in this study was DNA sequence sampling. With 
this technique, cosmids from different portions of the genome are partially sequenced 
and the data analysed by database searches for gene homologies. 
8) Is sequence sampling and database searching an efficient method of fmding genes? 
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Chapter 2 
Materials and Methods 
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2.1 Molecular Biology Techniques 
All molecular biology techniques were carried out as described by (Sambrook 
etal., 1989) unless outlined below. All modifying enzyme reactions were carried out 
according to the manufacturers instructions and used with buffers supplied. Any 
commercial kits were used following the given protocols. All glassware and plastics 
were presterilized by autoclaving. 
2.2 Centrifugation 
Centrifugation of eppendorf tubes (3,000 to 13, 000 rpm) was performed 
using a MSE Micro Centaur (Scotlab, UK) bench top microfuge. Centrifligation of 
corex tubes (4, 000 rpm to 12, 000 rpm) was performed using a JA20 rotor in a J2-
21 MIE centrifuge (Beckman, UK). 
2.3 Buffers and Solutions 
All chemicals were of analytical grade or equivalent and were obtained from 
Sigma, UK, BDH Laboratory Supplies, UK and Difco Laboratories, USA unless 
otherwise stated. Restriction enzymes were obtained from Promega, Boehringer 
Mannheim, New England Biolabs and Cambio. To make the solutions Millipore 
deionised water, autoclaved where appropriate, was used. All buffers and solutions 
were sterilised by autoclaving or filtration where appropriate. 
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2.3.1 General Stock Solutions 
Tris-boratefEDTA Electrophoresis Buffer (TBE) lOx stock 
0.89 MTris base 
0.89 MBoncacid 
20 mM EDTA pH 8.0 
Tris-acetatefEDTA Electrophoresis Buffer (TAE) 50x stock 
40 mM Tris Acetate 
0.5M EDTA pH 8.0 
Tris-EDTA buffer (TE) pH 8.0 lOx stock 
10 mM Tris-HC1 
1 mM EDTA pH 8.0 
SSC 20x stock 
3 M Sodium chloride 
300 mM Sodium citrate 
Adjusted to pH with 1OM NaOH 
Phenol: Chloroform 
Equal amounts of phenol and chloroform were mixed and equilibrated by 
extracting several times with 0.1 M Tris.HC1 (pH 7.6). The mixture was stored 
under an equal volume of 0.01M Tris.HC1 (pH 7.6) at 4 °C in a dark glass bottle 
5-bromo-4-chloro-3-indolyl-f-D-galactoside (X-gal) 2% (20 mg/ml) Stock 
X-gal was dissolved in dimethylformamide to make a 20 mg/mi solution. 
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2.3.2 Loading Dyes 
Loading Dye for Sequencing 
95% Deionised formamide 
0.5 M EDTA (pH8) 
0.25% Dextran blue dye 
Loading Dye for Gel Electrophoresis 
40% (w/v) sucrose in water 
0.5 M EDTA (pH 8) 
0.25% Bromophenol blue 
Loading Dye For SSCP Gels 
95% Deionised formamide 
0.25% BPB xylene cyanol 
0.5M EDTA (pH 8) 
2.4 Bacterial Strains 
The Escherichia coil strain, DH5a supE44, ALac U169(480 lac ZM1 5) 
hsdRl7 recAl gyrA96 (hi-i relAl supE44 hsdRl7 recAl endAl gyrA46 thi relAl 
lac- F' [proAB+iaclq/ac ZAM15 tn (tet')]) was used in transformation experiments. 
2.4.1 Culture Conditions 
Bacterial strains were cultured on Luria agar plates with appropriate 
antibiotics and stored, short term, at 4°C. For longer term storage, they were 
cultured overnight in Luria broth with the appropriate antibiotics. The following day 
the cells were centrifuged for 10 minutes at 4,000 rpm, the supernatant was removed 
UJI 
and the pellet re-suspended in one part 10 mM MgSO 4 to three parts 70% glycerol. 
This was frozen in liquid nitrogen and stored at -70°C. 
2.4.2 Media 
Luria Broth 	 per litre 
Bacto-yeast extract 	 5 g 
Bacto-tryptone 	 10 g 
Sodium Chloride 	 10 g 
Adjusted to pH 7.6 with 1OM KOH 
Luria Agar 	 per litre 
Sodium chloride 	 10 g 
Bacto-tryptone 	 10 g 
Bacto-yeast extract 	 5 g 
2.4.3 Preparation of Electrocompetent Escherichia coli Cells 
The E.coli strain DH5cz was streaked out on a luria agar plate and incubated 
over night at 37 °C. Single colonies were picked and used to inoculate two 10 ml 
overnight cultures of Luria broth which were grown up overnight at 37 °C. The 
following day the overnight was used to inoculate two 500 ml cultures of Luria, 
which were grown, at 3 7°C, to an A 600 nm of 0.5-0.8. The cells were prepared as 
described by (Dower etal., 1988). 
45 
2.4.4 Transformation of Escherichia coli Cells by Electroporation. 
Introduction of a vector into a bacterial strain was carried out by 
electroporation. To carry out the transformations, 0.1 .ig of DNA was mixed with 
40 j.t,1 of competent E.coli cells. This was electroporated (2500V) in 2 mm cuvettes 
(Equibio) using a Celiject electroporator. The cells were allowed to recover at 37 °C 
for 15 min by shaking at 225 rpm in 500 .t1 of LB. 50 p1, 200 p1 or all of the cells 
were plated out on to Luria agar plates containing 50 ig'm1 ampicillin, 100 pg/mI 
IPTG and 50 g/ml X-gal. The plates were inverted and incubated overnight at 37°C. 
2.5 Polymerase Chain Reaction (PCR) 
2.5.1 PCR Reactions 
PCR primers were designed with the Primer3 program available from the 
primer design menu at HGMP (http://www-genome.wi.mit.edul ). Primer3 selects 
primers for PCR reactions according to GC content, size, PCR product size, primer-
dimer possibilities and oligonucleotide melting temperature. The primers were 
synthesised by Genosys UK Ltd. A typical PCR reaction mix of 25-100 p1 
comprised of: 
Primers 0.5 pM/p1 each 
Template DNA lng/p1 
Mg2 1.5mM 
dNTPs 200 jtM each 
Taq DNA polymerase 0.5 U 
lOx Buffer 
PCR cycling conditions used throughout this study were: 
Denature 	 95°C 	3 mm 
Anneal 	 60°C 	2mm 
Extension 	 72°C 	3 min 	x 25 
Denature 	 95°C 	1 mm I 
Reactions using amplitaq gold (Perkin Elmer) had an initial 15 mm 
denaturation step at 95°C and a fmal 10 min extension at 72 °C. 
2.6 Cloning Vectors 
2.6.1 Plasmids 
For general subcloning purposes the pBluescript II SK plasmid (Figure 2.1) 
was used 2.12. In Chapter 3, 93 random genomic clones from were analysed and the 
vectors used to create these clones were plasmids pBluescript II SK, pUC 18 
(cloning site BamHI) and pT7T3. 
2.6.2 Cosmids 
Two chicken cosmid libraries were used in this study. The first was the 
commercially available chicken cosmid library, made by CLONTECH (California) 
from adult Leghorn male liver DNA. The clones are constructed in pWE15, Figure 
2.2. 
The second chicken cosmid library available from (Buitkamp et al., 1998) 
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female genomic DNA. The library had been gridded by (Buitkamp et al., 1998) onto 
four nylon filters for the identification of clones by colony hybridisation. 
2.6.3 Preparation of Plasmid and Cosmid DNA 
Plasimd DNA was prepared using either the QlAprep Spin Plasmid Kit or 
the QIAwell Plasmid Kits (Qiagen). Cosmid DNA was prepared using the Qiagen 
Plasmid Maxi kits. 
2.7 Phenol/Chloroform Extraction and Ethanol Precipitation of DNA 
Equal volumes of phenollchloroform:iso-amyl alcohol is added to the DNA, 
vortexed to produce an emulsion and centrifuged at 14,000 rpm for 5 minutes. The 
upper phase containing DNA was recovered and transferred to a clean microfuge 
tube. A further volume of phenol:chloroform was added and the process was 
repeated. The second upper phases was combined with the first and an equal 
amount of chloroform:isoamyl alcohol was added. This was vortexed and microfuged 
at 14,000 rpm. The upper layer was removed and transferred to a clean microflige 
tube. To precipitate the DNA 0.1 volume of 3M sodium acetate and 2 volumes of 
cold 96% ethanol was added. This was placed on ice for 15 minutes, then centrifuged 
at 14,000 rpm for 15 minutes. The pellet was washed in 70% ethanol, dried and 
resuspended in a suitable amount of TE. 
2.8 Phosphatase Treatment of Vector 
lOx Calf Intestine Phosphatase (CIP) Buffer 
0.5 M Tris HC1 (pH 9) 
10mM MgCl2 
1 mMZnCl2 
10 mM Spermidine 
& 
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lOx Sodium chloride Tris EDTA (STE) 
100 mM Tris HCl pH 8 
1 MNaCI 
10 mM EDTA 
Calf Intestine Phosphatase (CIP) Dilution Buffer 
0.5 M Tris HC1 pH8 
1 mM EDTA 
5 .tg of pBluescript II SK (Stratagene) was digested with ECORV restriction 
at 37 °C for one hour. This was phenollchloroform extracted and the pellet re-
suspended in 50 pi of TE. To check the digest, 2 jil was electrophoresed on a 0.8% 
agarose gel. The lirierised vector was treated with 1 p1 of call intestine phosphatase 
(CIP) at 37 °C for thirty minutes. Another 1 .t1 of CIP was added and the reaction 
was heated at 37 °C for a further thirty minutes, after which, 160 .tl distilled water, 
lOx STE and 10% SDS was added. This was heated at 65 °C for 15 minutes, 
phenol/chloroform extracted and re-suspended in 100 p1 TE to give a final 
concentration of 50 ng/pJ. 
2.9 DNA Electrophoresis 
2.9.1 Agarose Gel Electrophoresis 
Agarose gels were prepared with appropriate amounts of lx TAE buffer and 
agarose. To every 100 ml of molten agarose, 10 jil of 10 mg/mi ethidium bromide 
was added. DNA samples and appropriate size markers were loaded on to the gels 
using a small amount of loading dye. Electrophoresis was carried out at 80-100 volts 
for 2-3 hours or at 10-15 volts overnight in 1X TAE buffer. 
52 
2.9.2 Acrylamide Gel Electrophoresis 
5% Acrylamide Gel Mix 
40% Acrylamide solution 
2% NN' -Methylene-bis-acrylamide solution 
lOx TBE 
DNA fragments of less than 500 bp in size were resolved on 5% aciylamide 
gels. For each gel 5% acrylamide gel, 100 j.tl of 10% animonium persulfate and 100 jii 
of 99% N,N,N',N'-Tetramethylethylenediamine (TEMED) was used. The DNA 
samples were loaded using appropriate markers and electrophoresed at 100 volts. 
2.10 Preparation of DNA from Agarose Gels 
Bands were excised from agarose and the DNA was extracted from the gel 
slice using the QIAEX II Agarose Gel Extraction kit (Qiagen) and re-suspended in 20 
jil of water. To check that the extraction had been a success, 2 jil of resuspended 
DNA was electrophoresed on a 0.8% agarose gel. 
2.11 Calculation of DNA Concentration 
The concentration and purity of DNA samples was determined 
spectrophotometrically by optical density measurements at 260 and 280 nm. 0D 260 
= 1 =50pg/m1DNA. 
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2.12 Isolation of Cosmid Clones and Preparation of Random Subclones for 
DNA Sequencing 
Cosmid clones from the Clontech chicken genomic library were picked at 
random and the DNA prepared using Qiagen purification columns (Qiagen). The 
restriction enzyme CviJI (Cambio) was used to partially digest 5 pg of cosmid 
DNA. The CviJI enzyme was used as it cuts at the site PuG/CPy to produce 
random fragments (Fitzgerald et al., 1992; Gingrich et al., 1996). Digests were 
carried out with 0.2 U enzyme/.Lg DNA at 37°C for one hour followed by 15 
minutes at 65 °C and electrophoresed on a 1% agarose gel. Fragments between 500 
bp and 2 kb in size were excised and DNA extracted with a Qiaex II DNA extraction 
kit (Qiagen GmbH, Germany). The fragments were subcloned into EcoRV digested 
pBluescript II SK' (Siratagene) and transformed by electroporation. The plasmid 
DNA prepared with a QIAwell plasmid prep. kit (Qiagen). 
2.13 Ligation Reactions 
Ligation reactions between linerised and dephosphorylated pBluescript II 
SK (Stratagene) and insert DNA were carried out in the presence of T4 DNA ligase 
at 16°C overnight. A ratio of 1:1 or 1:3 vector to insert DNA was used in the 
ligation reaction. 
2.14 Examination of Plasmid DNA Inserts 
To confirm the presence of insert DNA in the plasmid and to ensure there 
were no multiple inserts or religated vector, double digests with the restriction 
enzymes EcoPJ and Hindlil were carried out and analysed on 0.8% agarose gels.. 
The sites of these enzymes flank the EcoRV cloning site. 
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2.15 SuperCos 1 (sCos 1) Gridded Cosmid Library Screen 
The sCos 1 gridded cosmid library was screened for clones containing the 
genes encoding insulin (INS), tyrosine hydroxylase (TH) and insulin like growth 
factor II (IGF2). PCR products from each of the genes were used as probes in the 
library screen. 
2.15.1 sCos 1 Gridded Cosmid Library Screen Solutions 
Hybridisation Solution 
10% PEG 8000 
7% SDS 
1.5X SSC 
Wash Buffer 1 
2X SSC; 0.1% SDS 
Wash Buffer 2 
0.5X SSC; 0.1% SDS 
2.15.2 Radiolabelling of Probe DNA 
The probes were labelled using the "Prime-a-gene" kit (Promega) and labelled 
with P32adCTP as per manufacturers instructions. The probes were denatured at 95 
°C for two minutes and placed directly onto ice and 20 mlvi EDTA was added. 
Probes were precipitated by the addition of 1/10 volume NaAc (3M) and 3X vol. 
96% ethanol and resuspended in 50 j.d Tns HC1 pH 8. 
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2.15.3 Hybridisations 
The four SuperCos 1 nylon filters were prehybridised in 100 ml of the 
hybridisation solution at 65°C for at least 30 miii. The denatured probe was added 
and hybridised overnight at 65°C. The filters were washed at 65°C with preheated 
wash solutions 2XSSC; 0.1%SDS, and 0.5XSSC; 0.1%SDS. 
2.16 Autoradiography 
Filters containing P32 xdCTP were exposed to Dupont Cronex film or Kodak 
Biomax MS film (Sigma-Aldrich Techware, UK). Exposure time was from 1 hr at 
room temperature to two weeks at -70°C. All films were developed using a X-
OGraph Compact x2 (X-OGraph Ltd, Malmesbuiy, Wiltshire). 
2.17 Sequence Sampling 
Sequence sampling is a simple method of constructing high resolution 
physical maps from regions of genomic DNA (Smith et al., 1994). Figure 2.4 
describes the isolation of clones covering the region of interest, breaking the clones 
down into fragments and sequencing. The clones are not sequenced to completion, 
with the resulting map covering around 40% of the complete DNA sequence but this 
has proved enough to identify such features as gene homologies, repetitive elements 
and putative intron-exon boundaries (Smith etal., 1994). 
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Identify Clones covering the region of Interest 
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Break the clones down into fragments 
Sequence Fragments and look for genes 
Figure 2.4 Sequence Sampling 
Clones covenng the region of interest are isolated and partially sequenced. The DNA 
sequence is analysed to identify gene homologies, repetitive elements and putative 
intron-exon boundaries (Smith etal., 1994). 
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2.18 Sequencing 
2.18.1 Estimation of Number of Clones to Sequence 
To estimate the number of clones required for sequencing, the following 
equation was used: p = 1 - [1 - x/y]n, where "p" is the probability of cloning the 
entire cosmid, "x" the length of an average sequence read, "y" the cosmid insert size 
(35, 000 bp) and "n" the number of sequences. Enough subclones were sequenced to 
give at least 40% coverage of the cosmid. The equation assumes complete 
randomness. 
2.18.2 Cosmid Clone and Sequence Naming Strategy 
Each cosmid sequenced was given an internal laboratory number. Subclones 
were named according to a standard convention which identifies the cosmid they 
came from, the enzyme used to create them and an individual number. For example a 
series of 48 subclones from cosmid 001 using the enzyme CviJT would be named 
"Cos 001 Cvi 01 -* Cos 001 Cvi 48". 
The sequences were named in such a way as to show which subclone they 
came from and which primer e.g. T3 or T7 was used. A number was also given to 
distinguish it from other sequences from that subclone and primer in the past. For 
example the first sequence from subclone Cos 001 Cvi 01 using a T3 primer would 
be called "Cos 001 Cvi 01.T3.1". 
2.18.3 DNA Sequencing of Subclones 
Subclones were sequenced from both DNA strands with T3 and 17 primers. 
Each sequencing reaction was carried, out using the dye terminator kit (Applied 
Biosystems, Perkin Elmer, UK). 200 ng DNA and 3.2 pM of each primer were used 
W. 
in the reactions. Sequencing reactions were carried out on a Hybaid PCR machine. 
The conditions were 94 °C for 3 minutes, followed by 25 cycles of 94 °C for 30 
seconds, 55 °C for 15 seconds and 60 °C for 4 minutes. 
Unincorporated dye terminators were removed by ethanol precipitation, as 
described in the protocol accompanying the dye terminator cycle sequencing ready 
reaction kit. The pellets were re-suspended in 2 i1 loading dye, vortexed, 
centrifuged, denatured at 95 °C for 2 minutes and placed on ice. The entire sample 
was loaded onto the sequencing gel. 
2.18.4 Electrophoresis of Sequencing Products 
4% Acrylamide Sequencing Gel Mix 
Urea 	 18g 
40% aciylamide solution 	5 ml 
Water 
	 25 ml 
Deionizing beads 	 1 g 
Prior to filtering the gel mix, 5 ml of lOx TBE was filtered (to avoid 
deionisation). The mixture was then de-gassed for 2 mm. 
The sequencing plates were washed thoroughly, rinsed with distilled water 
and air dried. The plates were assembled and filled by capillary action with the gel 
mix. A 36 well sharks tooth comb (teeth facing away from the gel) was inserted into 
the top of the plates to form a well and secured. The gel was allowed to polymerise 
for at least two hours before use. 
The sharks tooth comb was removed from the gel and the well flushed out 
with distilled water to remove any unpolymerised aciylamide. The comb, teeth 
facing into the gel, was replaced. The gel was placed into a frame and secured onto an 
ABI 377 automatic sequencer. 
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2.18.5 Analysis of Sequence Data 
Raw sequence data was analysed using the Staden program (Bonfield et al., 
1995; Bonfleld and Staden, 1996; Staden et al., 1996). This is a general sequence 
assembly package which runs on UNIX machines. It has two main parts, called 
Pregap and Gap. Pregap assesses sequence quality and looks for cloning vector. A 
modified version of the Pregap Staden program (Bonfleld et al., 1995; Bonfield and 
Staden, 1996) was used to remove any poor quality sequence from the raw 
sequence. Poor DNA sequence and cloning vector sequence (cosmid or plasmid) is 
removed by Pregap. This is followed by post-processing which takes the remaining 
good sequence and reformats it for database searches. The alignment program Basic 
Local Alignment Search Tool (BLAST) (Altschul et al., 1990) was used to carry out 
overnight BLASTN (DNA vs. DNA) and BLASTX (protein vs. protein) searches 
are carried out against a number of databases (local Fugu and chicken microsatellite 
databases 1 , non-redundant nucleotide and protein databases, EST and STS 
databases) to fmd gene homologies. High scores and probability were used as the 
basis of deciding if a gene homology from the database searches was significant or 
not. For a gene homology to be considered significant for a BLASTN search., a high 
score of greater than 150 and a probability of 10 was necessary. For a protein-
protein BLASTX search (Gish and States, 1993) a score of greater than 75 and a 
probability of 1 -6  indicated a significant match. Common repeats such as 
microsatellites are screened out by the BLAST program but not species specific 
repeats such as the Chicken Repeat 1 elements. To isolate common repeats, the 
report repeats program was used. This program masks any sequence which is not 
repeat-like (Claverie and States, 1993) and (Law, Personal Communication). The GC 
content of the sequences was also assessed. Sequences were assembled into contigs 
with the Seqman program (DNAStar). 
The local Fugu database comprised of sequences from MRC HGMP Research Centre 
Fugu Project. The chicken microsatellite database comprises of all known chicken 
microsatellites. 
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2.19 Alignments and Phylogenetic Analysis of CR! Repeats 
2.19.1 Sequence Alignments 
CR1 repeat sequences were re-formatted to GCG format and alignments 
canied out using the CLUSTALW program (Thompson et al., 1994). The multi-
sequence alignment editor Seqiab was used to fine tune the alignments and to 
incorporate any additional information about the sequences e.g. conserved domains. 
2.19.2 Construction of Phylogenetic Trees 2 
Programs from PHYLIP were used to construct phylogentic trees from CR1 
repeat sequences. The sequences were re-formatted to PHYLIP format with the 
tophylip program (Wright, 1999). The Ts/Tv ratios were calculated using PUZZLE 
(Strimmer etal., 1996);(Strimmer etal., 1997). The DNADIST program was used to 
calculate the pairwise distances between the DNA sequences and, for DNA, it takes 
into account transitions and transversions. The Ts/Tv ratio calculated from 
PUZZLE was used in these calculations. DNADIST has four different methods for 
calculating pairwise distances between DNA sequences. These are Jules Cantor (J -
C), Kimura 2-parameters, DNAML and Jin & Nei. The Kimura method, which takes 
into account different Ts/Tv ratios, was used as it is suited to a large dataset 
(Wright, 1999). 
The NEIGHBOUR program was used to draw a tree from DNADIST data 
sets. This is a distance based method of analysing distances from nucleic acids and 
protein sequence data. The Neigbor-Joining (NJ) method was used as it is fast and 
does not assume that the evolutionary rate is constant across lineage's. The NJ 
method fmds the "best" or nearest "best" tree (Wright, 1999). - 
2  The molecular biology help pages at http://www.bbsrc.ac.uklmolbiollinformation.html  
were referred to for information on the GCG programs used. 
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2.19.3 Statistical Tests on Phylogenetic Trees 
Bootstrapping was used to test tree topology. The SEQBOOT program was 
used to shuffle the dataset a 100 times, to generate a large set of datasets. The 
DNADIST program was used to create a large set of distance matrices. To create a 
large number of trees from the distance matrices NJ was used. To form a consensus 
tree from this large set of trees, the CONSENSE program was used and 
DRAWTREE and DRAWGRAM programs were used to visualise the final tree 
(Wright, 1999). 
2.20 Genetic and Physical Mapping of Random Cosmids 
The random cosmid clones were mapped by physical and genetic means. The 
genetic mapping was carried out using PCR length variants and single-strand 
conformation polymorphisms (SSCPs). The physical mapping was carried out by 
FISH. 
2.20.1 Genetic Mapping by PCR Length Variants 
Sequence data from the cosmids was analysed for repeats using the program 
'report repeats' (Law, Personal Communication). PCR primers (Table 2.1) were 
designed around suitable repeats and PCR reactions carried out using parental DNA 
from the East Lansing cross. The PCR products were electrophoresed on acrylamide 
gels and examined for size differences. 
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Clone Primers Expected Annealing 
PCR Product temp 
Length (bp) (°C) 
Cos28 CACAGATCTCAGC1TCCAG 272 60 
TACGGGCUCTGMJCUAT 
Cos35 GTTAGTCTGCATTACTGGCC 342 60 
CTGTATGCCTCAGTGGCAA.A 
Cos34 A:TCCTGTGGGTC I I I I CCMC 250 60 
B: AACAACAAGAAATGGGGTGG 
Cos30 UGAGGTGCTGTGAGTC 288 60 
UAAWAAAGCGATGCGMGCT 
Cos33 A: TCTTGCCTrGATGCACTTTG 225 60 
B:CACAGT,AAGACAGCGGAAT 
Cos27 AAUGCAGATGTGTCCTCAG 261 60 
1TICAGAGATGG1TATCTCC 
Cos32 CPAGTGGAAAATGTGATGCG 314 60 
TGATCCGATTTACAGCCTCC 
Table 2.1 Primers Used in SSCP and PCR Analysis 
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2.20.2 Genetic Mapping by Single-strand Conformation Polymorphisms 
(SSCPs) 
Preparation of a 15% Acrylamide:Bis Acrylamide Gel for SSCP Analysis 
Acrylamide (37:1, 20%) 
lox TBE 
Water 
SSCPs are sequences which differ by as little as one base and can be detected 
by the migration of short single stranded fragments down nondenaturing gels (Beier, 
1993). SSCPs of PCR products can be used as markers for linkage analysis. To 15 j.tl 
of PCR product, 15 j.tl of formamide loading dye was added. The samples were 
placed on at heating block at 99 °C for three minutes, then immediately placed on ice 
to cool for at least five minutes. The samples were then loaded onto the gel. A 
Hoffer Gel rig was used. The gels were electrophoresed in pre-cooled 1XTBE buffer 
overnight at 12 mA/gel. The voltage limit was set at 500 V. 
2.20.3 Silver Staining of SSCP Gels 
The fragments were detected by silver staining. The staining solutions were 
aspirated off between each wash. To the gel, 10% ethanol was added, left for 5 
minutes, then oxidised in 1% nitric acid for three minutes. A brief rinse in distilled 
water was carried out prior to the addition of the silver nitrate solution. The gel was 
left in the silver nitrate for twenty minutes, then rinsed in distilled water. The gel 
was reduced in a sodium carbonate/formaldehyde solution until the DNA bands 
become visible on the gel. The reducing process stopped by the addition of 10% 
glacial acetic acid to the gel for two minutes. The gel can be stored in distilled water 
prior to drying down. 
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2.20.4 Physical Mapping of Cosmids by Fluorescence In situ Hybridisation 
Chicken metaphase spreads were prepared from chicken embryo fibroblasts 
after treatment with 0.6 jig/mi colcemid solution and 0.56% KC1 hypotonic 
treatment. 




3% Bovine Serum Albumin 
Fix 
3:1 ethanol:Glacial acetic acid 
Hybridisation Mix 
Deionized formamide 
50% dextran sulphate 
20X SSC (filtered) 
0.5M sodium phosphate buffer (pH 7) 
50X Denhardt's solution 
lox Nick Translation Buffer 
0.5 M Tris 7.4 
100 mM M9SO4 
1mMD11T 
1OmgBSA 
2.20.6 Nick Translation of DNA 
DNA was labelled with biotin- 1 6-d-UTP (Boebringer Mannheim) by nick 
translation according to the following reaction: 
Bio- 1 6-dUTP 
DNA(1 jig) 
dNTP's (0.5 mM A, C, G + 0.25 mM T) 
Water (up to 25 jil) 
DNA Polymerase I (10 Units/mi) 
DNAse (1 jig/mI) 
i OX nick buffer 
The reaction was mixed well and pulse microfliged prior to incubating at 16 
°C for forty minutes. The reaction was then incubated at 65 °C for ten minutes. To 
check the size of the fragment (optimum size 200-500 bp), 2 pi was electrophoresed 
on a 0.8% agarose gel. The reaction was stopped with 1 j.tl of 0.5 M EDTA and 
stored at -20 °C. 
2.20.7 Slide Preparation 
Cells were dropped onto ethanol-cleaned slides, fixed with 3:1 ethanol:glacial 
acetic acid and allowed to air dry. The slides were dehydrated in a series of five 
minute ethanol washes, 70%, 90% and 100%. Slides were air dried and incubated at 
65 °C for 1 hour. The slides were then denatured in 70% formamide/2X SSC at 65 
°C for one minute and immediately immersed in cold 70% ethanol for five minutes. 
The slides were put through a second series of 70%, 90% and 100% ethanol washes, 
five minutes for each and air dried. 
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2.2 0.8 Preparation of Probe DNA 
Probe DNA was prepared as follows: 
Probe mixture 	 1 p1 
Salmon sperm DNA (10 mg/mi) 	 0.5 p1 
Hybridisation mix 	 14pJ 
This was incubated at 65 °C for 10 minutes followed by a 37 ,C incubation 
for around twenty minutes. Both slides and DNA were kept at 37 °C until they 
were ready to use. The probe was added to the slides and the cover slips sealed with 
cowgum. This was incubated overnight at 37 °C in a moist chamber. 
2.20.9 Post-Hybridisation Detection 
The coverslips were rinsed off in 2X SSC and the slides were put through a 
series of four 42 °C , five minute washes, the first two being 50% formamide/2X 
SSC. The second two washes were in 0.1 X SSC. Following this the slide was briefly 
washed in.4X SSC/0.1% Tween at room temperature. The slide was then incubated 
with blocking buffer, under paraflim, at 37 ,C in a moist chamber for twenty 
minutes. 
During the incubation, the avidin-FITC solution was prepared (1:200 
dilution) and centrifuged at 7000 rpm for ten minutes then left for a further ten 
minutes in the dark. The avidin-FITC solution was added to the slide, under parafilm 
and incubated in a moist chamber for 1 hour minutes. The slides were then washed 
three times at room temperature in 4X SSC/0. 1% Tween. The slides were then 
mounted with Vectashield containing propidium iodide (Vector Labs). 
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Chapter 3 
Sequence Sampling in the Chicken: 
A Test Case Using Random Clones From the 
Compton Reference Backcross 
3.1 Introduction 
The aim of this section of the thesis is to determine whether DNA sequencing 
can be used to find genes by a sequence sampling approach. This demands a method 
of processing random sequences by stripping out vector sequence, and by rapidly 
searching for gene homologies. Repeats, such as simple microsatellites and CR1s, 
were also identified. 
A simple test system was established by examining 93 random genomic 
clones, which were originally used as probes for RFLP mapping on the Compton 
cross to produce a linkage map to assist in the location of genes affecting salmonella 
disease resistance (Bumstead and Palyga, 1992; Bumstead et al., 1994). These clones 
were readily available in plasmid form (no subcloning required), and had been mapped 
onto the chicken genetic map. To facilitate comparisons with other studies, 
macrochromosomes were defined as chromosomes 1-5 and Z, whereas the 
microchromosomes were chromosomes 6-8 and the remaining chromosomes including 
the W sex chromosome. 
The results from this analysis were used give preliminary estimates of gene 
homologies, chicken DNA %GC content, O/E CpG, CR1 and simple repeat content. 
This was then used to address questions of are microchromosomes more gene dense 
than macrochromosomes and are CpG islands concentrated on the 




3.2.1 Sequencing the Compton Clones 
Of the 93 clones sequenced, four contained no chicken insert DNA. The 
remaining 89 clones produced unique chicken sequence and the genetic mapping data 
are described in Table 3.1, which also shows the lengths of sequences and the 
observed over expected (O/E) CpG content for each clone. 
3.2.2 Test of the Randomness of the Clones 
It was important to test that random DNA could be cloned and to this end the 
division of clones between macrochromosomes and microchromosomes was 
examined. Of the 89 genomic clones analysed, 60 mapped to macrochromosomes, 21 
to microchromosomes and 8 has as yet not been mapped as they show no linkage to 
other markers. This is a 75/25 division of clones between the two chromosome types, 
which is close to 70/30 the division of macrochromosomes and microchromosomes in 
the genome, and helps confirm the randomness of the clones used in this study. 
3.2.3 Criterion for a Gene Homology in Database Searches 
Manual 	BLAST 	searches 	using 	the 	NCBI 	server 
(http://www.ncbi.nlm.nih.gov/BLASTT)  against a number of databases were carried 
out to identify potential coding sequences. High scores and probability, as described 
in Chapter 2, were used as the basis of deciding if a gene homology from the database 
searches was significant. As the BLAST program filters out non-species specific 
repeats such as microsatellites, those studied were identified by unfiltered BLAST 
searches. 
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Table 3.1 Random Clone Genetic Mapping Information 
Mic- microchromoSOme MacMacrOChrOmOSOme UN-unlinked; LG-linkage group; 
COM LG Size-ComPtOfl linkage group size; Seq Len-length of sequence determined; 
CpG OlE-observed over expected based on G+C content; 'R' Ec0RI fragments in 
Bluescript KS; T EcoRl fragments in pT3T7 (Pharmacia); 'S' BamHI fragments in 
pUC18 (Pharmacia); 'U' partial EcoRI in pT3T7 (Pharmacia). 
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Locus Plasmid Seq Seq %GCcGOJEChr. COMCOM Position 
Name Primer Len No. LG LG Compton 
(bp) size (kosambi) 
(CM) 
C0M072 U3/10. T3 332 37.34 0.30 1 1 703 14.15 
C0M072 U3/10 T7 431 33.41 0.03 1 1 703 14.15 
COM060 T2/72A T7 429 34.26 0.03 1 1 703 128.63 
COM060 T2/72A T3 570 35.61 0.34 1 1 703 128.63 
COM061 R2 ALL 552 39.85 0.17 1 1 703 155.80 
C0M036 T4/12 T7 141 31.91 0.00 1 1 703 308.56 
C0M036 T4/12 T3 295 35.59 0.11 1 1 703 308.56 
C0M037 12/22 T3 184 27.17 0.00 1 1 703 330.36 
C0M037 T2/22 17 318 35.53 0.15 1 1 703 330.36 
C0M038 T2/12 T3 379 39.31 0.13 1 1 703 357.53 
C0M038 12/12 T7 421 41.56 0.07 1 1 703 357.53 
COM040 T314 T3 410 34.63 0.08 1 1 703 465.24 
COM040 T3/4 17 429 40.09 0.07 1 1 703 465.24 
COM041 T5/24 T3 160 33.12 0.10 1 1 703 468.94 
C0M042 T5/12 13 237 38.39 0.14 1 1 703 489.60 
C0M042 15/12 17 421 27.07 0.03 1 1 703 489.60 
COM104 14/20 T3 389 39.07 0.04 1 1 703 496.89 
COM104 T4/20 T7 471 38.64 0.10 1 1 703 496.89 
COM105 R55 13 422 40.75 0.00 1 1 703 505.83 
COM105 R55 17 231 32.46 0,14 1 1 703 505.83 
C0M043 12/20 T3 316 36.70 0.26 1 1 703 512.98 
C0M043 12/20 T7 371 32.07 0.26 1 1 703 512.98 
C0M098 12/82 17 471 35.24 0.03 2 2 456 3.65 
C0M098 T2/82 T3 430 34.88 0.03 2 2 456 3.65 
C0M035 T28 13 262 31.67 0.00 2 2 456 3.65 
C0M035 T28 T7 421 35.86 0.00 2 2 468 3.65 
C0M034 12/71 T7 281 31.31 0.17 2 2 456 5.98 
C0M034 12/71 13 440 31.59 0.00 2 2 456 5.98 
C0M032 112/48 T3 282 37.94 0.05 2 2 456 54.04 
C0M032 112/48 T7 328 39.64 0.05 2 2 456 54.04 
C0M067 T12/91 17 451 29.49 0.03 2 2 456 89.84 
C0M067 T12/91 T3 601 36.77 0.05 2 2 456 89.94 
COM080 T2/3813 T3 429 41.95 0.23 2 2 456 176.95 
COM080 12/3813 T7 42934.96 0.07 2 2 456 176.95 
continued 
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Table 3.1 continued 
Locus Plasmid Seq Seq %GC CpG OlE Chr. COM COM Position 
Name Primer Len No. LG LG Compton 
(bp) size (kosambi) 
(cM) 
C0M024 T7NB T7 216 36.11 0.00 2 2 456 267.17 
C0M024 T7NB 13 449 43.43 0.00 2 2 456 267.17 
C0M023 T12/108 17 351 43.02 0.09 2 2 456 273.01 
C0M023 112/108 T3 470 41.06 0.06 2 2 456 273.01 
C0M022 12/11 13 240 35.00 0.06 2 2 456 274.80 
C0M022 12/11 T7 321 34.26 0.00 2 2 456 274.80 
COM021 113/40 T3 262 42.74 0.06 2 2 456 292.27 
COM021 113/40 T7 311 47.26 0.10 2 2 456 292.27 
COM020 T7/40 T7 441 38.77 0.22 2 2 456 307.11 
COM020 17/40 T3 422 32.22 0.15 2 2 456 307.11 
C0M046 112/53A ALL 484 48.14 0.93 2 2 456 404.85 
C0M045 T2/7313 T7 291 32.30 0.33 2 2 456 432.31 
C0M045 T2/7313 13 316 28.16 0.05 2 2 456 431.31 
COMOOI S50 17 308 27.27 0.00 3 3 498 0.00 
COMOOI S50 T3 385 29.87 0.20 3 3 498 0.00 
COM002 12/41 13 332 37.34 0.10 3 3 498 14.70 
COM002 12/41 17 431 33.17 0.00 3 3 498 14.70 
COM003 112/88 T3 361 43.76 0.22 3 3 498 50.86 
COM003 112/88 17 391 35.03 0.12 3 3 498 50.86 
COM004 12/47 13 254 41.73 0.06 3 3 498 74.29 
COM004 12/47 17 401 32.91 0.12 3 3 498 74.29 
COM005 112 13 343 42.56 0.00 3 3 498 78.21 
COM005 112 T7 351 35.89 0.04 3 3 498 78.21 
C0M095 12/58 T7 310 38.71 0.05 3 3 498 87.62 
C0M095 12/58 T3 421 36.10 0.19 3 3 498 87.62 
C0M096 12/46 ALL 626 40.25 0.15 3 3 498 91.11 
COMIOO 14/18 ALL 726 35.26 0.13 3 3 498 113.41 
COM006 14/7 17 481 35.75 0.06 3 3 498 113.41 
COM006 14/7 13 266 41.72 0.06 3 3 498 113.41 
COM007 T5/51 T3 302 41.39 0.16 3 3 498 133.94 
COM007 15/51 17 351 35.61 0.04 3 3 498 133.94 
COMOO8 T312 13 238 28.15 0.00 3 3 498 145.55 
COMOO8 13/2 17 391 34.78 0.04 3 3 498 145.55 
continued 
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Table 3.1 continued 
Locus Plasmid Seq Seq %GC CpG OlE Chr. COM COM Position 
Name Primer Len No. LG LG Compton 
(bp) size (kosambi) 
(cM) 
COM009 T12/33 T3 336 45.53 0.19 3 3 498 163.95 
COM009 112/33 T7 593 37.77 0.21 3 3 498 163.95 
C0M029 13/5 17 201 35.82 0.33 3 3 498 218.11 
C0M029 T3/5 T3 308 28.89 0.05 3 3 498 218.11 
C0M028 T12/67 T3 428 30.37 0.07 3 3 498 225.59 
C0M028 T12/67 T7 411 40.87 0.12 3 3 498 225.59 
C0M027 T2/53 T7 327 37.92 0.15 3 3 498 232.72 
C0M027 T2153 T3 340 37.64 0.04 3 3 498 232.72 
COM030 T3/7 13 210 29.52 0.07 3 3 498 238.05 
COM030 T3/7 17 431 36.42 0.00 3 3 498 238.05 
C0M026 R2/7 T7 423 39.71 0.15 3 3 498 303.82 
C0M026 R2/7 T3 429 39.62 0.07 3 3 498 303.82 
C0M064 T12/104 T3 428 36.91 0.03 4 4 342 30.30 
C0M064 T12/104 T7 441 41.72 0.11 4 4 342 30.30 
C0M063 R2/14 17 431 32.94 0.07 4 4 342 36.14 
C0M063 R2/14 T3 421 36.10 0.07 4 4 342 36.14 
C0M053 T2/70AB T3 423 36.40 0.03 4 4 342 84.00 
C0M053 12/70AB T7 451 43.23 0.00 4 4 342 84.00 
C0M058 T2/68 T7 441 38.77 0.00 4 4 342 135.68 
C0M058 T2/68 T3 452 38.05 0.10 4 4 342 135.68 
C0M057 T4 T7 451 37.02 0.07 4 4 342 202.83 
C0M057 T4 13 647 38.48 0.10 4 4 342 202.83 
C0M054 T2/38 13 423 39.48 0.15 4 4 342 208.54 
C0M054 T2/38 T7 431 33.41 0.11 4 4 342 208.54 
C0M052 T2/73A 13 440 35.68 0.07 4 4 342 295.24 
C0M052 T2/73A 17 440 42.50 0.40 4 4 342 295.24 
C0M069 T2/29 13 429 36.83 0.03 4 4 342 405.39 
C0M069 12/29 17 431 31.32 0.03 4 4 342 405.39 
COM017 12/59 13 393 31.29 0.16 5 6 193 0.00 
COM017 T2/59 17 410 35.12 0.08 5 6 193 0.00 
COM0I6 T5/IAB T7 371 33.96 0.08 5 6 193 10.35 
COM0I6 T5/IAB T3 389 38.30 0.16 5 6 193 10.35 
continued 
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Table 3.1 continued 
Locus Plasmid Seq Seq % GC CpG Chr. COM COM Position 
Name Primer Len OlE No. LG LG Compton 
(bp) size (kosambi) 
(cM) 
COM015 R11 T3 401 34.16 0.00 5 6 193 18.37 
COM015 R11 T7 424 40.80 0.19 5 6 193 18.37 
COM014 R211 T3 337 35.90 0.00 5 6 193 26.09 
COM014 R2/1 T7 337 37.09 0.00 5 6 193 26.09 
COM013 T4/2 17 311 45.65 0.21 5 6 193 40.42 
COM013 14/2 T3 389 39.07 0.04 5 6 193 40.42 
COM012 T5121 T3 258 43.02 0.25 5 6 193 50.76 
COM012 T5/21 T7 391 39.64 0.12 5 6 193 50.76 
COMOII T9 T3 257 35.79 0.00 5 6 193 65.99 
COMOII 19 T7 351 32.76 0.04 5 6 193 65.99 
COMOIO T2/7213 T3 570 35.61 0.34 5 6 193 81.58 
COMOIO T2/72B 17 429 34.26 0.03 5 6 193 81.58 
COM070 R34 17 402 39.80 0.04 5 6 193 112.49 
COM070 R34 T3 449 32.07 0.07 5 6 193 112.49 
C0M056 T2/5513 T3 453 34.21 0.07 6 10 183 0.00 
C0M056 T2/5513 T7 452 30.97 0.07 6 10 183 0.00 
C0M055 T2/55A 13 453 34.21 0.07 6 10 183 28.71 
C0M055 T2/55A T7 452 30.97 0.07 6 10 183 28.71 
C0M049 12/28 T3 381 39.63 0.21 7 7 147 0.00 
C0M049 T2/28 T7 381 41.47 0.08 7 7 147 0.00 
C0M047 T5/39 T7 451 35.25 0.14 7 7 147 16.98 
C0M048 S52 T7 241 46.05 0.20 7 7 147 18.81 
C0M048 S52 T3 431 44.08 0.30 7 7 147 18.81 
C0M076 12/66 13 339 39.82 0.09 7 7 147 108.15 
C0M076 12/66 17 481 31.42 0.04 7 7 147 108.15 
C0M059 112/46 ALL 601 40.43 0.16 8 14 149 67.00 
COM085 T12/74 T7 361 39.88 0.13 8 14 149 97.00 
C0M085 T12/74 13 479 44.25 0.17 8 14 149 97.00 
C0M082 T4/19 T3 410 69.51 1.72 8 12 102 107.70 
C0M082 14/19 T7 431 42.92 0.15 8 12 102 107.70 
COM050 T12/106 ALL 755 37.08 0.08 9 6 140 103.55 
C0M073 T4/13 T7 328 56.70 1.45 9 6 140 155.01 
C0M073 14/13 13 479 32.77 0.06 9 6 140 155.01 
continued 
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C0M075 U1/26 T7 401 29.92 0.12 C21 21 34 11.04 
C0M075 U1/26 T3 429 35.19 0.03 C21 21 34 11.04 
COMI07 T5/IAB T7 371 33.96 0.08 C22 UN ? 0.00 
COMI07 T5/1AB T3 389 38.30 0.16 C22 UN ? 0.00 
C0M083 R311 T7 409 28.85 0.00 C17 17 46 10.88 
C0M083 R311 T3 460 40.43 0.14 C17 17 46 10.88 
C0M066 T12/28 T7 421 33.01 0.07 C17 17 ? 59.87 
C0M065 R33 T3 426 34.50 0.07 C17 17 ? 61.03 
C0M065 R33 T7 441 37.86 0.00 C17 17 ? 61.03 
C0M062 T416 T7 259 42.47 0.18 mic 15 42 8.23 
C0M062 T4/6 T3 452 41.37 0.21 mic 15 42 8.23 
C0M079 .T12/61 ALL 484 42.14 0.20 mic ? ? 9.03 
C0M077 T12/81 T3 364 43.95 0.27 mic ? 0 66.75 
C0M077 T12/81 T7 431 32.94 0.03 mic ? 0 66.75 
COM08I T2/69 T7 401 42.19 0.40 mic ? ? 50.00 
C0M074 R54 T3 186 25.26 0.09 M? 28 84 0.00 
C0M074 R54 T7 424 37.73 0.19 M? 28 84 0.00 
C0M099 T13/2 T3 428 31.54 0.00 UN UN ? 0.00 
COMI02 T12/11 T3 381 36.48 0.08 UN UN ? 0.00 
COMI02 T12/11 T7 394 28.42 0.08 UN UN ? 0.00 
COM03I R8 T7 234 35.89 0.00 UN UN ? 0.00 
COM03I R8 T3 306 34.31 0.10 UN UN ? 0.00 
COM07I S4 T3 431 43.38 0.26 UN UN ? 0.00 
COM07I S4 T7 451 36.36 0.14 UN UN ? 0.00 
COMI08 T12/53AB ALL 484 48.14 0.93 UN UN 456 0.00 
COMI09 T12/53AB ALL 484 48.14 0.93 UN UN 456 0.00 
C0M099 T13/2 T3 428 31.54 0.00 UN UN ? 0.00 
C0M099 T13/2 T7 448 34.82 0.10 UN UN ? 0.00 
C0M084 T2/70AB T3 423 36.40 0.03 UN UN 342 0.00 
C0M084 T2/70AB T7 451 43.23 0.00 UN UN 342 0.00 
TOTAL: 63,913 bp 
Mac 43,463 bp 
Mic 15,107bp 
UN 5,343 bp 
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3.2.4 Database Search Results 
The database search results, summarised in Table 3.2 show three significant 
hits. Two were against human ESTs (Figures 3.1 and 3 .2a), both of which mapped 
to a macrochromosome. The database hit for T2/55T7 (C0M55) was against the 3' 
end of a human cDNA clone (Figure 3.1). This is likely to be a 3'UTR, a conserved 
regulatory sequence; the cDNA clone has yet to be mapped in humans. The EST 
database match was against clone T2/7313 (Figure 3.2a). Further study of the 
sequence revealed a potential open reading frame/exon region (Figure 3.2b). The third 
significant hit was against the human gene encoding for the transfomiing growth 
factor-beta II receptor (TGFR2) which mapped to chromosome 6 (a 
microchromosome). 
3.2.5 Gene Homology: Transforming Growth Factor-Beta Type II Receptor 
Transforming growth factor-beta (TGF-[) is a multifunctional protein, which 
is secreted by many different cell types. It has roles in mammalian development and 
cellular processes such as proliferation and differentiation, extracellular matrix 
synthesis and the regulation of the synthesis of other growth factors and their 
receptors (Bae etal., 1995), (Lawler etal., 1994) and (Moustakas et al., 1993). There 
are three known mammalian, closely-related TGF-13 isoforms, TGF-31, TGF-32 and 
TGF-3, each with a distinct role in foetal development (Moustakas et al., 1993) and 
(Lawler et al., 1994). 
There are also three types of cell surface receptors, types I, II and III, 
associated with TGF-. Types I and II receptors are transmembrane serine/threonine 
kinases which form a complex essential for signalling responses; TGF-3 has an 
inhibitory growth effect on many different cell types through binding these receptors 
(Hougaard et al., 1999), (Moustakas et al., 1993) and (Lawler et al., 1994). 
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Clone Chromosome Locus Database Homology Accession 
N urn ber 
T217313 	2 	C0M045 Human cDNA clone 	T84468 
T2/73A17 4 C0M052 TGF-beta II Receptor D50683 
T2/55A17 6 C0M055 Human cDNA clone A1148083 




Score P(N) 	N 
gbIAI148083IAI148083 qb39alO.xl Soares_pregnant_uterus_Nb. . .232 2.0e-26 4 
gbAI148083 1A1148083 qb39alO .xl Soares_pregnant_uterus_NbHPtJ Homo sapiens 
cDNA clone IMAGE: 1698618 3 $ mRNA sequence [Homo sapiens] Length = 517 
Minus Strand HSPs: 
Score = 134 (37.2 bits), Expect = 2.0e-26, Sum P(4) = 2.0e-26 
Identities = 34/45 (75%), Positives = 34/45 (75%), Strand = Minus / Plus 
Query: 441 AAATI'CTFI'AG AATATATACACATPACACAGTATCTrAAAAA 397 
II 	11111111 	IllIlIllIllIlIll 	11111 	III 
Sbj ct: 76 AATCTCTAGTAAATMTACACATI'ACATGGTMTIGTATAA 120 
Score = 82 (22.8 bits), Expect = 2.0e-26, Sum P(4) = 2.0e-26 
Identities = 18/20 (90%), Positives = 18/20 (90%), Strand = Minus / Plus 
Query: 338 TPAGACTGTAATCAGTI'T 319 
'IIIIIIIIIIIIIIII 
Sbj ct: 177 AGAGTATA TCAG11' 196 
Score = 189 (52.5 bits), Expect = 2.0e-26, Sum P(4) = 2.0e-26 
Identities = 49/63 (77%), Positives = 49/63 (77%), Strand = Minus / Plus 
Query: 175 AACVP GAT 3CATACAGkGGTrAGAAACCAGCACTAAAATAACCCCCATCTCTACAA 116 
II 	11111111111 	III 	II 	IllIllIllIllIl 	1111111111 	11111 
Sbj Ct: 344 AAGCT ATGTATACTCAGGCTACAAACCAGCACAmTAACCCCCATATC3CTA 403 
Query: 115 AAT 113 
Sbjct: 404 AGT 406 
Score = 232 (64.4 bits), Expect = 2.0e-26, Sum P(4) = 2.0e-26 
Identities = 56/69 (81%), Positives = 56/69 (81%), Strand = Minus / Plus 
Query: 69 GTGSTAGCAAATTGTGCGTTTAGGCAGCCACGTGGCCAATAAGGTAGATGTTGTcATAAA 10 
II 	1111111  
Sbj Ct: 441 GTCCTAGCAAT 	C.1TrrrA3CAGCCACN[X3GCCAAPAAGGTAGATATIIGTCATAAA 500 
Query: 9 GG3CCCTA 1 
I 	III 	I III 
Sbjct: 501 GACCCTA 509 





Score P(N) 	N 
gbIT84468IT84468 	yd47d09.rl Homo sapiens cDNA clone.. .204 3.0e-07 
gbIT84468IT84468 yd47d09.rl Homo sapiens cDNA clone 111377 5'. 
Length = 495 
Plus Strand HSPs: 
Score = 204 (56.4 bits), Expect = 3.0e-07, P = 3.0e-07 
Identities = 48/57 (84%), Positives = 48/57 (84%), Strand = Plus / Plus 
Query: 94 GATCAAGATCTTGTTAAAACCTTGAGTTGTTTAACTATGATAATCACTCCTGTCTTT 150 
11111 	1111111111 
Sbjct: 234 GAGCAAGATCTTGTGCAAACCCTGAGTTGTTTGTCTATGATAATCACACCTGGCATT 290 
Figure 3.2a T217313 (C0M045) BLASTN Results 
GAATTCGTAG GAACATCTAA AATCAGATGG TGTGTTAAAT GCAGCTTATA 
ATATCCTTTT TTGTTGATTT TAG 
CTAA GTTTTCCTTT CAAATTAGTT TTTAAATTAT 
TCATTTTGTA TCATAATCCC TAGCAGATAA AAATTATAGA ACTTAAAAGA 
ATGCCXTTTT TTTTTTCAAA 
Splice acceptor 
Conserved region, probably an en 
GTMG Splice donor 
Ficiure 3.2b T2/7313 (C0M45) Potential Exon 
Figure 3.2 T2/7313 (COM045) BLASTN Results and Potential Exon 
The Type III receptor is a transmembrane proteoglycan which may facilitate the 
binding of TGF-P to the type II receptor. Certain tumour cell lines, which are 
resistant to the growth inhibitory effects of TGF-3, lack the expression of the type 
II receptor; thus abnormalities in TGF-P and its receptors may be involved in the 
loss of growth control often observed during carcinogenesis (Bae et al., 1995) and 
(Moustakas etal., 1993). 
TGF-P I inhibits the proliferation of normal epithelial cells and diminishes 
the responsiveness to TGF-P I is a feature of most carcinoma cells. It binds to 
TGF-P RI!, forming a duplex which recruits the type I receptor to create an active 
complex. Mutations in TGF-P RII have been found in human cancers of the colon, 
stomach, head, lung and neck (Takenoshita etal., 1996). 
Sequence data from T2/73AT7 (C0M052) scored a significant match to 
human mRNA for TGF-beta type II receptor alpha (TGF-betallR) (Ogasa et al., 
1996). Figure 3.3 presents the BLASTN and, unusually, there is 100% sequence 
identity between the human and chicken sequence. A closer examination of the 
sequences shows that the alignment is in 3' UTR. This may explain why there is no 
BLASTX results, as the database match is in the untranslated region. The T2/73AT3 
sequence showed no homology to the TGF-1311R gene and probably represents an 
intron. A BLAST search was carried out with the entire human mRNA TGF-betallR 
sequence. This significant hits to human TGF-P receptors rat, mouse and chicken 
TGF-beta type II receptor mRNAs were observed. Its is therefore likely that 
T2/73AT7 contains the 3' UTR of the chicken transforming growth factor-beta type 
II receptor. As figure 3.3 shows, bases 4208-4507 of 3'UTR of TGF-1311R aligned 
with the chicken sequence. A BLASTN search was carried out to see if this region 
has been sequenced in other species. The single significant BLASTN results was 
against itself, therefore this region has not been found in other species. This is not 





Score P(N) 	N 
	
dbjD50683ID50683 	Homo sapiens mRNA for TGF-betall... 531 1.1e-93 4 
dbj 1D50683 1D50683 Homo sapiens mRNP for TGF-betallR alpha, complete cds 
Length = 5759 
Minus Strand HSPs: 
Score = 220 (60.8 bits), Expect = 1.le-93, Sum P(4) = 1.1e-93 
Identities = 44/44 (100%), Positives = 44/44 (100%), Strand = Minus / Plus 
Query: 297 GCTCCCAGCCTrCMC1T11CTAAAAAGGAGCAAATPCTCACT 254 
1111111111111111111111111111111 	I 11111111111 	I 
Sbj ct :4208 GCTCCCAGCCTTCATCCTTTTCTAAAAAGGAGCAAATTCTCACT 4251 
Score = 265 (73.2 bits), Expect = 1.1e-93, Sum P(4) = 1.1e-93 
Identities = 53/53 (100%), Positives = 53/53 (100%), Strand = Minus / Plus 
Query: 253 TAGGCITrATCGTGTPTACTITITrCATrACACTPGACTmArITICTAG'iTrr 201 
IIIIIIIIIIIIIIIIIIIIII I 111111 I I I 	_______ 	_______ 
Sbj ct: 4253 TAGGC'ITPATCGTGETI'ACTI rCATPACACTGACTI'GkrrrICTAGrITI 4305 
Score = 531 (146.7 bits), Expect = 1.1e-93, Sum P(4) = 1.1e-93 
Identities =107/108 (99%), Positives = 107/108 (99%), Strand = Minus / Plus 
Query: 204 TTTCTATACAAACACCAATGGGTTCCATCTTTCTGGGCTCCTGATTGCTCAAGCACAGT 146 
1111 	I 11111111111111111111 	I 1111111111 	I I 
Sbj ct: 4303 TTTCTATACAAACACCAATGGGTTCCATCTTTCTGGGCTCCTGATTGCTCAAGCACAGT 4361 
Query: 145 TGGCCTGATGAAGGGATI'TCAACTACACAATACTATCATrGTCAGGA 97 
11111111111 	I 
Sbj ct :4362 GGCCTGAkGGGATIVTCAACTACACAATACTATCATIX3TCAGG  4410 
Score = 480 (132.6 bits), Expect = 1.1e-93, Sum P(4) = 1.1e-93 
Identities = 96/96 (100%), Positives = 96/96 (100%), Strand = Minus / Plus 
Query: 96 TATGACCTCAGGCACTCTAAACATATG'rITIG GGTCAGCACAGCGTrTCAAAAAG 37 
111111 	I 	1111111 	II 	III 	I 11111111111 	I I 	I I 	I I 	I 11111111111 	1111 	I 111111 
Sbj ct :4412 TATG1CCAGGCACTCTAAACATATGrrr1GTrrGGTCAGCACAGCGTrrCAAPAkGTG 447 
Query: 36 AAGCCACTTTATAAATATTTGGAGATTIqr.CAGGAA 1 
1111111 	I 11111 	I I 	I I 	I 	I I 	III 	III 	I 111111111 
Sbj ct: 4472 AAGCCACTI1ATAAATA'ITI'GGAGMTFI'GCAGGAA 4507 
Figure 3.3 T2173AT7 (C0M052) BLASTN Results Showing the TGFRII 
Gene 
82 
3.2.6 C + G and CpG Island Content 
Previous studies, suggest that microchromosomes may be more GCICpG rich 
than macrochromosomes (McQueen et al., 1996). A CpG island was defmed as 
having a O/E CpG content of greater than 0.6 and a %GC of more than 50% 
(Antequera and Bird, 1993). The sample studied here enabled routine searches of 
unique sequence for %GC and CpG island content to be set up. The OC content was 
examined by constructing a plot of % GC against size of linkage group. The GC 
content appears to be uniform over the whole genome, regardless of linkage group 
size (Figure 3.4) except for two examples on the microchromosomes. 
A plot of O/E CpG content vs. % GC was carried out to test CpG island 
characteristics (Figure 3.5). Two potential CpG islands were isolated from 
niirochromosomal DNA (Chromosomes 8 and 9). These 'islands' were sequences 
which stood out from the bulk DNA and matched the criteria (Antequera and Bird, 
1993). Figure 3.5 also shows two clones which had a high observed over expected 
CpG content, but did not have a %GC of greater than 50% and are therefore not 
potential CpG islands. 
The bulk DNA has an average O/E CpG content of 0.14 and an average %GC 
of 41.16 (Table 3.1) and this is similar to that published for whole DNA. This was 
confirmed by plotting the observed over expected CpG ratio against linkage group 
size (Figure 3.6). As with GC content, CpG ratios appear to be fairly uniform 
regardless of linkage group size. The two GC rich, potential CpG islands are separate 
from these. As only two GC rich microchromosomes clones were isolated, it is not 
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Figure 3.4 % GC vs. Size of the Linkage Group 
The OC content appears to be uniform regardless of linkage group size. 
Macrochromosomes 1 to 5 + Z are shown, with 1 being the largest linkage group. 
The smaller linkage groups are either on microchromosomes or they have not yet 
been linked to the larger linkage groups. Two clones stand out as having a high 
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Figure 3.5 Observed Over Expected CpG Content vs. % GC 
Two distinct groups are shown. The largest is the bulk DNA, which is not overly cX 
rich and therefore has no potential CpG islands. The second group shows two CpG 
islands, which map to a microchromosomes 8 and 9. Two clones have a high CpG 
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Figure 3.6 Linkage Group vs. Observed Over Expected CpG Content 
The GC content is seen to be to be fairly uniform, regardless the size of the linkage 
group. Therefore, GC nch clones are separate from the rest of the DNA. 
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3.2.7 Distribution of Repeats 
Database searches were carried out to determine which types of repeats are 
found in the chicken genome, and assess their distribution and their relation to gene 
density. Repeats appear to be common in this sample. Of the 89 sequences analysed, 
four were found to have CR! elements and thirteen were simple repeats such as 
microsatellites. 
3.2.8 Simple Repeats 
Thirteen simple repeats were found (Table 3.3) and represent potential new 
markers. Eight of these repeats were on clones mapping to a macrochromosome, three 
to a microchromosome, one to linkage group 21, and one clone was unlinked. 
In the 89 clones analysed, an AT repeat was the most common repeat type. 
A total of eight of these repeats were found, five of which mapped to a 
macrochromosome, two to a microchromosome and one to linkage group 21. Other 
repeat types were also found but at lower frequencies. Two T repeats were found on 
macrochromosomes 2 and 5, a single CT repeat mapped to macrochromosome 1 and 
the clone containing the poly A repeat had an unlinked map position. The clone 
mapping to microchromosome 9 carried a CA repeat. 
3.2.9 CR1 Elements 
Of the eighty nine clones analysed, four were found to have a CR1 element 
(Table 3.4) all of which mapped to a macrochromosome. With the small sample size 
it is impossible to draw any conclusions about the distribution of CR! repeats 
between macrochromosomes and microchromosomes. Chapter 6 analyses CR1 
repeats in more detail with a larger dataset. 
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Clone 	Chromosome Locus 	Repeat Type 
T2/22T3 I C0M037 AT 
T2/72AB17 I COM060 CT 
T2/73BT7 2 C0M045 T 
T2/11T3 2 C0M022 AT 
T1219117 2 C0M067 AT 
T2/5817 3 C0M095 AT 
T315T7 3 C0M029 AT 
T9T3 5 COMOII I 
T2/28T3 7 C0M049 AT 
T12/74T7 8 C0M085 AT 
• 	 T4/13T7 9 C0M073 CA 
U/26T7 LG2I C0M075 AT 
R8T7 UN COM03I A 
Table 3.3 Simple-, di- and mono-nucleotide Repeats 
LG-Linkage group; UN-Unlinked 
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Clone 	Chromosome Locus 
T5/24T3 	 I 	COM04 I 
T2/82T3 	 2 	C0M098 
112/10817 	2 	C0M023 
T2170AB17 	4 	C0M053 
Table 3.4 CR1 Elements 
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3.3 Discussion 
3.3.1 Sequencing Experiments 
One of the aims of sequencing the Compton clones was to establish 
procedures, such as the Staden program and database searches. It was also used to 
test the hypothesis that microchromosomes are gene dense, that CpG islands are 
concentrated on microchromosomes and about the distribution and types of repeat 
found throughout the genome. Due to the small sample size, however only 
suggestions as to genome content can be made. 
3.3.2 Database Homologies 
The criteria used when deciding whether a sequence match from the database 
searches was significant and indicated homology, proved effective, as a total of three 
significant hits against two human ESTs and the human TGF-betallR gene, were 
recorded. False matches would have had scores of lower than 150 and a probability of 
1 0 for a BLASTN search and 75 and a probability of 1 6  for a protein-protein 
BLASTX search. These three database homologies can be used to update the 
chicken/human comparative map. The sequence sampling did fmd gene homologies, 
but is not effective with such small fragments and more DNA is needed. Sampling 
cosmid clones should prove more successful as is demonstrated in chapter 5. 
A total of 64,948 bp of unique DNA was sequenced, with 44,322 bp on the 
macrochromosomes and 12,953 bp on the microchromosomes; this was the 
equivalent of sequencing approximately two cosmids. Previous work predicts a gene 
every 30 kb on the macrochromosomes and a gene every 10 kb on the 
microchromosomes (McQueen et al., 1996). The work described in this chapter 
predicted one gene every 22 kb on themacrochromosomes and one gene every 12 kb 
on the microcbromosomes. The discrepancy could reflect the size of the dataset, or a 
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gene density which is lower than was previously predicted. Sequence sampling of 
random cosmids (Chapter 5) should resolve this. 
3.3.3 Conservation of Gene Structure 
Examples of conserved gene structure were found from the database searches 
with hits against non-coding regions of the genome. The database hits against the 3' 
end of a human cDNA and likely to be a conserved regulatory sequence. Bacterial 
endoribonucleases such as RNase E play a role in mRNA degradation,, and human 
mRNAs from short-lived oncogenes and growth factors have 3' UTRs which play a 
role in the control of mRNA stability. These regions contain the nucleotide motif 
AUUUA which is important for mRNA stability. This motif is recognised by E.coli 
RNase E and its human counterpart and cleavages are introduced in the 3'UTR, 
leading to mRNA decay (Wennborg et al., 1995). The T2/55T7 sequence is A-rich 
indicating that this region may contain the AUUUA motif and be involved in mRNA 
stability. 
The alignment between T2/73AT7 sequence and the 3'UTR region of the 
human TGF-P RH gene had 100% sequence identity. This may be an example of a 
highly conserved region (HCR). HCRs are found in the non-coding parts of genes 
and have been observed between species that have diverged over 300-350 Mya 
(Hedges, 1994); (Nanda etal., 1999). HCRS between birds and mammals include the 
dystrophin gene 3' UTR which has three highly conserved regions. A long conserved 
region in the 3'UTR of the BTG1 antiproliferative genes has also been observed 
between human and chicken (Duret et al., 1993). HCRs are frequent in genes 
essential to cell life and are frequent in the 3' non-coding regions. The 3'-HCRs are 
AT-rich and lie in the 3' transcribed region of the gene, suggesting that they have a 
role in post-transcriptional processes. They are found less frequently in promoters 
and introns. 
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3.3.4 GC Content 
Analysis of bulk DNA gave an average GC content of 38%. Previous work 
has indicated that microchromosomes appear to be more GC-rich than 
macrochromosomes (McQueen et al., 1996) and so it was expected that as 
chromosome size decreased, the %GC would increase; both GC rich clones mapped 
to a microchromosome. So few GC rich clones may be due to the GC-nch portions of 
the genome not being cloned and therefore not sequenced. The DNA samples were 
prepared using a variety of restriction digests which could discriminate against GC-
rich region being cloned. A second possibility is that microchromosomes are not as 
GC rich as is traditionally held. The randomness of the clones can answer this. The 
Compton clones appear to be a random sample, with a distribution of 75:25 
macrochromosomes:microchromosomes respectively. Based on this, the observed GC 
content is most likely an accurate reflection of the total genome. Therefore, the 
second explanation suggested above, that microchromosomes are less GC-rich than 
previous estimates may be true. 
3.3.5 CpG Island and Gene Content 
The GC and CpG island content of the sequences was determined to examine 
the questions of whether CpG islands are concentrated on microchromosomes, and 
whether microchromosomes are gene rich and macrochromosomes gene poor. 
Potential islands were isolated using plots of OLE CpG content Vs % GC and 
plotting O/E CpG ratio against linkage group size. The CpG islands identified satisfy 
the criteria of OLE 0.6 and GC% of 50% and are distinct from bulk DNA (Antequera 
and Bird, 1993). As both CpG islands map to a microchromosome, this suggests that 
microchromosomes are gene dense but, as only a relatively small sample was 
analysed, it is not known if this is significant or not. A larger dataset would resolve 
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the question of whether microchromosomes are more CpG island rich and have a 
higher gene density than macrochromosomes. 
3.3.6 Distribution of Repeats 
Database searches were carried out to see whether repeats could be found by 
sequence sampling and, if so, how they are distributed; also, if microchromosomes are 
indeed more gene dense than macrochromosomes, they will have fewer repeats. This 
may be due to the microchromosomes containing less 'junk' DNA. 
Repeats were located by sequence sampling, and both, simple and species-
specific repeats, were found and represent potential new markers. In Chapters 5 and 
7, sequence sampling data will be analysed with the Staden program but at this stage 
of the study the Staden package was not available within the laboratory, and BLAST 
searches were carried out manually with the NCBI server. A feature of BLAST 
searches is that simple repeats are filtered out, therefore additional unfiltered BLAST 
searches were carried out. This was time consuming, although successful at finding 
repeats. In chapter 5 the program Report Repeat, which masks non-repeat like 
sequence, was used to identify simple repeats (Law, Personal Communication). 
3.3.7 Distribution of CR1 Repeats 
Four CR1 repeats were identified which all mapped to macrochromosomes. 
CR1 repeats are members of the non-LTR class of retrotransposable elements which 
retrotranspose by a 'nick and prime' mechanism similar to other families of non-LTR 
elements (Haas et al., 1997). CR1 repeats may be more likely to transpose 
themselves into regions rich in 'junk' DNA as insertion into an exon would have a 
deleterious effect. CR1 repeats are therefore expected to be more frequent on the 
macrochromosomes. CR1 data from this chapter have been combined with random 
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cosmid CR! sequences to address the question of CR1 bias on macrochromosomes, 
and is discussed in more detail in Chapter 6. 
3.3.8 Distribution of Simple Repeats 
A total of thirteen simple repeats were found, of which eight mapped to a 
macrochromosome and five to a microchromosome. This bias towards 
macrochromosomes may have arisen because simple repeats evolve by expansion. 
The greater the junk DNA content on the macrochromosomes would make expansion 
easier, and as a result simple repeats may be more likely. 
The most common repeat motifs were AT repeats, which were found on both 
chromosome types. A single microchromosomal CA repeat was found. It has been 
reported, that repeats are evenly distributed over the macrochromosomes and 
intermediate chromosomes, with low concentrations on the microchromosomes 
(Primmer et al., 1997), and so a greater number of CA repeats would have been 
expected. This difference in numbers of CA repeats may reflect the primed in situ 
labelling technique (PRINS) approach used (Volpi and Baldini, 1993). Distribution of 
microsatellite sequences is discussed in Chapter 5. 
3.4 Conclusion 
The work carried out in this chapter highlights the effectiveness of a sequence 
sampling approach. Gene homologies and repeats were identified, suggesting it is an 
effective means of gene discovery and method of characterising genome organisation. 
In future studies a larger DNA sample, such as a cosmid, would be better suited as it 
is easier to map than a plasmid. This chapter has provided preliminary estimates of 
gene homologies, chicken DNA %GC content, O/E CpG, CR! and simple repeat 
content. Procedures which were used in later work were established, and the need for 
faster and simpler analysis of raw DNA sequence was highlighted. Significant data on 
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the differences between macrochromosomes and microchromosomes required a larger 
data set. Therefore, randomly selected cosmids were sequence sampled. The mapping 
of these cosmids is described in Chapter 4, the question of gene density is discussed 
in Chapter 5 and the evolution and distribution of CR! elements in Chapter 6. 
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Chapter 4 
Integration of Genetic and Physical Maps 
96 
4.1 Introduction 
Randomly selected cosmids were mapped to either a macrochromosome or a 
microchromosome (see 4.1.1 for defmition) physically by FISH and genetically by 
either PCR length variants or SSCP analysis. This was carried out as part of the gene 
density study (Chapter 5) and to contribute to the integration of the physical and 
genetic linkage maps of the chicken. 
4.1.1 The Chicken Karyotype 
The standard chicken karyotype distinguishes chromosomes 1-8 and the sex 
chromosomes, Z and W, by GIG- and RBG-banding studies carried out by the 
International Committee for the Standardisation of the Avian Karyotype (Ladjali et 
al., 1999). This numbering system only indicates which chromosomes can be 
identified cytologically. 
The defmition of macrochromosomes and microchromosomes used in this 
chapter classifies the macrochromosomes as chromosomes 1-8 and the Z 
chromosome. The thirty microcbromosomes are defmed as the remaining 
chromosomes and the W chromosome. As they are hard to distinguish individually, 
microchromosomes were initially ordered by decreasing size. Recently, however, it 
has become possible to identif' sixteen pairs of chicken microchromosomes by two-
colour FISH (Fillon et al., 1998). This allows genetic mapping data to be related to 
physical maps of the macrochromosomes. 
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4.1.2 Genetic Mapping in the Chicken Genome 
Efforts to map the chicken genome have produced large amounts of genetic 
mapping information, with the genetic map close to completion 3 (Smith and Burt, 
1998). The three main genetic maps are based upon the Compton (Bumstead and 
Palyga, 1992), East Lansing (Crittenden et al., 1993) or Wageningen (Groenen et al., 
1998) reference populations. There is, however, little physical mapping data as few 
genomic clones have been mapped in this manner. Data from this investigation and 
from other laboratories involved in the EC-Chickmap project will rectify this. This is 
currently being addressed by the FISH mapping of cosmid (Buitkamp et al., 1998) 
and bacterial artificial chromosome (BAC) clones (Crooijman, 1998). 
4.1.3 Integration of the Physical and Genetic Maps 
To allow integration of the chicken physical and genetic maps, linkage groups 
must be assigned to both the macrochromosomes and microchromosomes: for 
example, the chicken gene for insulin-like growth factor 1 was physically assigned to 
the short arm of chromosome 1, close to the centromere and genetically to position 
149.9 on linkage group EO1CO1C1 1WO1 (Klein et al., 1996). A number of other 
expressed loci have also been mapped to this region of chromosome 1 such as the 
genes for the avian leukosis viral proteins ALVE1 and ALVE6A and the histone H5 
and LYZ genes. In addition, the PGR, GAPD and OTC genes have been mapped to the 
long arm of chromosome 1. Genetic linkage mapping with the East Lansing reference 
cross has produced markers for these genes on linkage group EO1CO1C1 1WO1. This 
work has localised the IGFJ and GAPD genes to the short and long arms respectively 
of the chromosome, on either side of the centromere This information was used to 
position the chromosome 1 centromere between these two genes. 
3Complete genetic map i.e. a new genetic marker has a greater than 95% chance of 
linkage to another previously mapped marker 
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Table 4.1 summarises loci which have been both genetically and physically 
mapped to chromosomes 1-8 and Z. The integration of the two kinds of map has 
allowed comparisons to be made between the chicken map and other vertebrate maps 
(Klein etal., 1996). The subject of comparative mapping is discussed in Chapter 7. 
This work has also aided the orientation of linkage groups. The physical and 
genetic mapping of chicken genomic clones is underway to achieve this, mostly as 
part of EC Chickmap project (Burt and Cheng, 1998); eight new polymorphic 
markers, isolated from BAC and P1-derived artificial chromosome (PAC) clones, 
were localised to the macrochromosomes by genetic mapping on the East Lansing and 
Compton reference families (Morisson et al., 1998) and the clones physically 
mapped by FISH. It is now possible to align physical and genetic maps for 
chromosomes 1-8 and the Z chromosome, in conjunction with the cosmid mapping 
data presented here. The orientation of linkage groups for chromosomes 3 and 4 has 
also been established. Only the linkage group from chromosome 8 amongst the 
macrochromosomes remains to be orientated. 
4.1.4 Genetic and Physical Mapping of Random Cosmid Genomic Clones 
Sixteen random cosmids were genetically mapped onto the East Lansing map 
by either SSCP analysis (Beier, 1993) or by analysing DNA length variants from 
PCR products and physically mapped by FISH (Smith et al., 1999). For this thesis, 
seven of these cosmids have been genetically mapped and were localised to a specific 
macrochromosome. This was done to allow comparisons of features such as gene 
density, CpG content and repeat distribution between macrochromosomes and 
microchromosomes to be made. This will also provide markers for two-colour FISH 
experiments, which will help to identify individual microchromosomes (Fillon et al., 
1998). Physical and genetic mapping data were submitted to the chicken genome 
database at http://www.ri.bbsrc.ac.uk/chickmap/,  which is maintained at the Roslin 
Institute. 
Table 4.1 Loci Which Have Been Genetically and Physically Mapped in 
Chicken 
FLpters estimated from published cytogenetic band positions 
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Locus Physical FLpter Genetic Position References 
Position EastLansing 	Compton 
Chromosome I 
ALVE&4 1p25 0.02* 0.0 (Levin etal., 1994) 
GCT0006 1p24-p22 0.13 64.5 	 10.1 (Morisson etal., 1998) 
LYZ 1p22-p15 020* 106.3 	 61.6 (Bumstead and Palyga, 1992):(Sang, Personal 
communication) 
GCTOOI5 1p22-p21 0210* 108.6 67.0 (Morisson etal., 1998) 
R0S0147 1p21-p15 022 124.6 (Smith etal., 1999) 
H5 1p14-p13 025* 140.3 (Crittenden etal., 1993);(Levin etal., 1994);(Cheng etal., 
1995) 
IGFI 1 p12-pI 1 0.31 149.9 (Klein etal., 1996) 
ALVEI 1p12.pl1 0.36 189.2 (Ponce de Leon etal., 1991);(Bumstead and Palyga, 1992) 
GAPD iqi 1-p12 0.47* 214.7 260.5 (Cheng and Crittenden, 1994); (Burt, 1994) 
GCTOO13 1q14 0.57 322.7 (Morissonetal., 1998) 
OTC 1q13-q14 0.57* 325.0 (Shimogiri etal., 1993) 
GCT0007 1q31-q35 0.79 398.3 (Morissonetal., 1998) 
PGR 1q42-q44 0.95 464.5 578.2 (Dominguez-Steglich etal., 1992); (Toye etal., 1997) 
Chromosome 2 
OW 2q11-q12 0.49* 219.3 221.3 (Dominguez-Steglich etal., 1992) 
GCTOO23 2q11-q12 0.53 249.4 250.4 (Morissonetal., 1998) 
Chromosome 3 
GCTOOII 3p11-q11 0. 16* 72.4 (Smith et al., 1999) 
TGFB2 3q22-q23 023 81.6 14.7 (Mothce and Burt, 1995) 
MYB 3q24-q26 0.53* 196.4 (Symonds etal., 1984); (Soret etal., 1990) 
GCT0008 3q27-q28 0.62 195.0 149.1 (Morisson etal., 1998) 
ROS0II9 3q27-q29 0.63 218.0 (Smith etal., 1999) 
GCT0019 3q28q2.10 0.68 225.6 187.7 (Morisson etal., 1998) 
Chromosome 4 
PGKI 4p14-p11 0.11 49.10 71.01 (Rauen etal., 1994); (Spike et al., 1996) 
Chromosome 5 
TH 5q12 0.34* 42.8 (Dominguez-Steglich etal., 1992) 
ROSOC9 5q12 0.34 42.8 22.2 (Smith etal., 1999) 
TGFB3 5q21-q22 0.60* 113.1 (Burt etal., 1995); (Burke etal., 1994) 
Chromosome 6 
ROS0I60 6q12 0.41 52.4 (Smith et al., 1999) 
SCOI 6q14 0.58 58.5 (Fillon etal., 1997); (Pitel etal., 1998) 
continued 
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Table 4.1 continued 
Locus 	 Physical 	FLpter -- Genetic Position 	 References 
Position 	 EastLansing Compton 
Chromosome 7 
ROS0I2I 7p11 026 E27 (Smith etal., 1999) 
Chromsome 7 
RPL37A 7q12-q14 0.57- 62.3 (Nanda etal., 1996): (Girard-Santosuosso etal., 1997) 
ROS0I28 7q13 0.58 68.1 (Smith etal., 1999) 
NRAMP 7q13 0.60 76.8 62.5 	(Hu etal., 1995): (Girard-Santosuosso etal., 1997) 
Chromosome 8 
RPL5 cen 51.4 80.2 	(Nanda etal., 1996) 
Z Chromosome 
A7PALI 7-p24-p23 0.06 20.0 (Fridolfsson etal., 1998) 
CHDIZ Zp12-p13 0.60 143.4 (Griffiths and Korn, 1997) 
ACOI Zq21 0.77 198.7 (Saitoh etal., 1993): (Smith and Cheng, 1998) 
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4.2 Results 
This chapter describes the genetic mapping of random cosmid clones and how 
these data have been used as part of the effort to integrate the physical and genetic 
maps of the chicken genome. 
4.2.1 Genetic Mapping of the Random Cosmids 
Cosmid clones numbered 27, 28, 30, 32, 33, 34 and 35 were randomly picked 
from a commercially available chicken cosmid library (CLONTECH, California). 
Seven new markers were developed and genetically mapped. For Cosmid 28 
(ROSO105) the size differences of PCR products were used in the analysis (see 
Figure 4.1). The other cosmids, 27 (ROSOJJO), 30 (ROSO108), 32 (R0S0149), 33 
(ROSO107), 34 (ROSO120) and 35 (ROS0150) no size differences with the PCR 
products were observed, therefore SSCP analysis of PCR products was carried out. 
Linkage analysis was carried out using the Map Manager program (Manly, 1993) and 
their positions, with reference to the East Lansing map, are shown in Table 4.2, 
which also contains marker information. 
4.2.2 Physical Mapping of the Random Cosmids 
The cosmids were physically mapped by FISH to a chromosome as shown in 
Table 4.3 (Smith et al., 1999). The FISH mapping of cosmid 29 was carried out for 
this thesis, and localisation of it to the Z chromosome is shown in Figure 4.2. 
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1 	2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18 19 
20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 
39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 
Figure 4.1 Cosmid 28 PCR Products Size Differences 
Lanes: 1, 20 and 39 molecular weight marker X (Boehnnger Mannheim), 2 Male 3 
Female, 4-19, 21-38, 40-57 offspring 
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Marker Cosmid Chromosome Genetic Map GenBank 
C!one Position Accession 
(cM) Number 
ROS0I05 Cos28 2 180.70 AJ231935 
ROS0I50 Cos35 2 379.23 AJ232107 
ROS0I20 Cos34 2 464.08 AJ232087 
ROS0I08 Cos30 3 217.95 AJ231966 
ROS0I07 Cos33 4 4.01 AJ232060 
ROSOIIO Cos27 5 113.11 AJ231874 
R0S0149 Cos32 8 29.35 AJ232024 
Table 4.2 Genetic Markers Used in SSCP and PCR Analysis 
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Locus 	Physical Position 	FLpter 
Chromosome 2 
ROS0I05 2p12-p11 	 0.26 
ROSO 150 2q26-p32 	0.75 
ROS0I20 2q32-q35 	0.89 
Chromosome 3 
ROS0I08 	 3q29-q33 	0.63* 
Chromosome 4 
ROS0I07 	 4p14-p13 	0.04* 
Chromosome 5 	 - - 








Table 4.3 Physically Mapped Loci in the Chicken Based on Randomly 
Selected Cosmid Clones 
* - FLpters estimated from given cytogenetic band positions; Micro-Microchromosome 
Figure 4.2 FISH Mapping of Cosmid 29 to the Z Chromosome 
Fluorescence in situ hybridisation of cosmid 29 to metaphase chromosomes of a 
female (ZW) chicken. Cosmid 29 was labelled with biotin-16-dUTP and detected with 
avidin-FITC. The DNA was stained with propidium iodide. 
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4.2.3 Assignment of New Markers and the Physical Orientation of Linkage 
Groups 
This work has assigned seven new genetic markers on the East Lansing map 
to six chicken chromosomes. On chromosome 2 the three new markers (ROS0105, 
ROS0150 and ROS0120) were used to orientate the linkage group E06CO2W02 
(Figure 4.3). The orientation of the chromosome 3 linkage group E02CO3WO was 
established (Figure 4.4) and I added a new marker, ROS0108, to the maps. Relative 
to the genetic map compiled by Bumstead et al., 1996, the linkage group for 
chromosome 3 should be inverted. The reason for this was that the genetic map was 
not based on any physical markers. 
The orientation of the chromosome four linkage group E05C04W04 was also 
established (Figure 4.5) and the new marker ROS0107 contributed to this. Orientation 
of the chromosome 5 linkage group E07E34C05W05 was established (Figure 4.6) 
with a new marker, ROSOJJO, being assigned. A new marker, R0S0149, was also 
assigned to chromosome 8 (Figure 4.7). As chromosome 8 is metacentric and so 
difficult to orientate cytogenetically therefore its orientation with respect to the 
genetic map is difficult to determine. The clones ROSO 149 and RPL5 were mapped 
to this chromosome, both genetically and physically; this will allow future clones to 
be mapped with respect to these markers by two-colour FISH. It will be important 
to obtain high resolution banding alongside FISH signals, when determining 
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Figure 4.3 Integration of the Physical and Genetic Maps of 
Chromosome 2 
Riysical ideograrrE represent the RBG banding pattern; E- East Lansing 
genetic linkage group; C- Corrpton genetic linkage group; W-Wageningen 
genetic linkage group. 
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Figure 4.4 Integration of the Physical and Genetic Maps of 
Chromosome 3 
Ftiysical ideograms represent the RBG banding pattern; E- East Lansing genetic 
linkage group; C- Corrton genetic linkage group; W-Wageningen genetic linkage 
group 
11 







CHPOMO SOME 4 	 C4 
Figure 4.5 Integration of the Physical and Genetic Maps of 
Chromosome 4 
Physical ideograms represent the RBG banding paftern; E- East Lansing genetic 
linkage group; C- Coripton genetic linkage group; W-Wageningen genetic linkage 
group 
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Figure 4.6 Integration of the Physical and Genetic Maps of 
Chromosome 5 
Ftiysical ideograms represent the RBG banding pattern; E- East Lansing 
genetic linkage group; C- Corrpton genetic linkage group; W-Wageningen 
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Rgure 4.7 Integration of the Physical and Genetic Maps of 
Chromosome 8 
Physical ideograms represent the RBG banding pattern; E- East Lansing genetic 
linkage group; C- Con-pton genetic linkage group; W-Wageningen genetic linkage 
group. This chromosome is metacentric and therefore difficult to orientate. The 
two markers shown can be used to orientate other markers relative to them 
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4.2.4 Integration of the Physical and Genetic Maps 
Table 4.3 outlines the physical mapping data generated during this study. 
Information from this table and Table 4.1 was used to integrate the genetic and 
physical maps as shown in Figures 4.3-4.7 and discussed below. In these figures, data 
for the East Lansing, Compton and Wageningen maps are included. Although the data 
presented here were used to orientate East Lansing linkage groups, common markers 
on the other two maps allows them to be aligned. 
4.2.5 Genetic Coverage 
It was possible to correlate genetic (cM) to physical distances (FLpter) in the 
regions for which data was available. Graphs were constructed for chromosomes 1, 2, 
3 and Z (Figure 4.8) and from these, estimations of genetic position from physical 
data and vice versa could be made (Smith et al., 1999). Where there was a lack of 
direct FLpter data, fractions were estimated from cytogenetic band positions. The 
slope of the graph was used to estimate coverage of chromosome 2 and, as shown in 
Table 4.4, it is complete. Although data from this study did not contribute to the 
coverage of chromosome 1, Table 4.4 describes its genetic coverage and it is complete. 
The estimated coverage of chromosome 3, is also complete. The Z chromosome 
linkage group is close to completion with an estimated 86% coverage; the remaining 
14% of the chromosome is a heterochromatin block at the telomeric end of the long 
arm of the chromosome. Prior to this study, it was estimated that this region made up 
around 20% of the Z chromosome (Saitoh et al., 1993). At the present time there are 
not enough data to estimate the coverage of chromosomes 4, 5, 6, 7 and 8, highlighting 
areas for more mapping work. 
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Figure 4.8 Correlation of Fractional Length Measurement With Genetic 
Location of Loci Which Have Been Physically and Genetically Mapped 
The approximate position of the centromere is marked for each chromosome where 
vertical and horizontal lines bisect the axes. FLpter- the ratio of the distance of the 
FiSH signal to the telomere of the p-arm divided by the length of the whole 
chromosome. The equation of the slope from each graph was used to determine the 
genetic length of each chromosome. Substituting physical values of 0 and 1 into the 
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Chromosome Estimated size (C M)b Actual Size (cM)b % Coverage 
y=O 	y1 
1 1.5 	 501.5 515.23 103% 
2 5.0 	 505.0 495.83 99% 
3 16.3 	349.6 329.03 99% 
Z 2.8 	252.7 214.23 86% 
Table 4.4 Estimated Coverage of East Lansing Linkage Groups 
(Smith etal., 1999); b..(Smith  and Burt, 1998) 
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4.3 Discussion 
The overall aim of this thesis is to examine aspects of chicken genome 
organisation. As part of this, randomly selected cosmids have been sequence sampled 
and the data used to answer questions such the gene density on macrochromosomes 
versus microchromosomes and the distribution of repeats. To answer any of these 
questions, the cosmids required mapping to a chromosome. By employing both 
physical and genetic methods, this work has contributed to the integration of the two 
types of maps. 
4.3.1 Assignment and Orientation of Linkage Groups 
I have assigned seven new markers to the East Lansing map which has 
contributed to the orientation of linkage groups E06CO2W02 (Chromosome 2), 
E02CO3W03 (Chromosome 3), E05C04W04 (Chromosome 4) and E07E34C05W05 
(Chromosome 5). 
Other problems, such as the orientation of chromosome 8 have been 
addressed. The positioning of the markers R0S0149 (from this study) and RPL5 on 
the physical and genetic maps enables its orientation by using these two markers as 
probes in two-colour FISH experiments. Future clones can be mapped with respect 
to these. 
This work has also been used to update present maps. An example of this is 
the inversion of the linkage groups for chromosomes 3 and 4 on the genetic map 
compiled by Bumstead et al., 1996. They have now been orientated correctly, with 
respect to the physical maps of these chromosomes. 
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4.3.2 Genetic Coverage 
Genetic coverage was estimated for the three largest macrochromosomes and 
the Z chromosome; The degree of coverage of these chromosomes by the genetic 
linkage group is being confirmed by FISH mapping markers from linkage group ends 
(Vignal, Personal Communication). These chromosomes are either complete or close 
to completion, and so future mapping efforts should be focused on those 
chromosomes with relatively poor coverage. 
4.4 Conclusion 
A contribution has been made to the integration of the physical and genetic 
chicken maps by mapping random cosmids for this sequence sampling study. A 
means of establishing the orientation of chromosome 8 (see section 4.2.3 and Figure 




Direct Assessment of Gene Density Differences 




One of the primary aims of this study was to investigate the hypothesis that 
chicken microchromosomes are more gene dense than macrochromosomes. Therefore 
a direct assessment of gene density, on both types of chromosome, was carried out 
by sequence sampling random chicken cosmids. Comparisons of the number of genes 
mapped to each set of chromosomes from previous genetic and physical mapping 
data were also made. 
5.1.1 The Chicken Genome 
The chicken karyotype comprises of thirty nine chromosome pairs, divided 
into six large macrochromosomes and thirty-three small microchromosomes. To 
facilitate comparisons with other studies, macrochromosomes were defmed as 
chromosomes 1-5 and Z, whereas the microchromosomes were chromosomes 6-8, the 
remaining chromosomes and the W chromosome. Microchromosomes make up 
around 30% of the chicken genome (Smith and Burt, 1998) and appear to have a 
higher CpG content than macrochromosomes (McQueen et al., 1996). Given that 
CpG islands are associated with genes, these results suggest a higher gene density on 
the microchromosomes. 
However, CpG islands may not always be associated with genes; chicken 
chromosomal regions associated with the nuclear periphery often contain CpG-rich 
repetitive DNAs. The chicken nuclear membrane repeat, for example, is comprised 
of different multiples of a 4 1-42 bp tandemly repeated sequence, organised into large 
blocks (Matzke et al., 1990). These sequences are located almost solely on the 
microchromosomes and are organised into large tandem arrays, making up 10% of 
the chicken genome. This repeat has not been found in either turkey or quail DNA, 
suggesting that the amplification of this repeat occurred recently in avian evolution 
(Matzke etal., 1990). 
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5.1.2 Gene Density Studies 
Chapter 1 described how microchromosomes appear to have a higher gene 
density than macrochromosomes. The prediction was made that a gene could be 
expected at the rate of 1 gene per 10 kb of microchromosomal DNA. If true, then 
75% of chicken genes would be found on the microchromosomes and would have 
important practical implications e.g. gene discovery. From EST work (Burt and 
Bumstead-unpublished), 40% of chicken cDNAs were found to have a database hit. 
A gene homology can therefore be expected every 10-20 kb of DNA. In the cosmid 
clones, which are analysed in this chapter, between 2-4 gene homologies can therefore 
be expected per cosmid. 
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5.2 Results 
5.2.1 Assessment of Gene Density Differences Between Chicken 
Macrochromosomes and Microchromosomes 
The hypothesis that chicken microchromosomes are more gene dense than 
macrochromosomes was investigated by carrying out a direct assessment of gene 
density by sequence sampling randomly selected chicken cosmids mapping to both 
microchromosomes and macrochromosomes. Random cosmids were used to avoid the 
bias towards genes being present in the cosmid. 
Putative genes were identified by comparison with known expressed 
sequences in public databases and features such as CpG content (discussed in this 
chapter) and repetitive elements were analysed (Chapter 6). The distribution of 
repeats in the genome was used to test the hypothesis that if microchromosomes are 
gene dense, they should have fewer repeats, as they should contain less 'junk' DNA. 
The gene density differences between macrochromosomes and 
microchromosomes was small. The sample size used to determine differences in gene 
density by sequence sampling was too small to be statistically significant. Therefore, 
a comparison was made of the number of genes mapped to either a 
macrochromosome or to a microchromosome from previous genetic and physical 
mapping data. It was then possible to estimate the difference in gene density more 
precisely. These data were then compared with the gene density estimate from 
sequence sampling. 
5.2.2 Calculation of the Number of Cosmid Sub-Clones for Sequencing 
For sequence sampling, the cosmid clones were partially sequenced, and 
random subclones of the cosmids were generated with the restriction enzyme CviJI 
(Cambio UK). At least 40% of each cosmid clone was sequenced. To calculate the 
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number of clones required for this, if the sequencing was completely random, the 
equation p1-[1-x/y] was used where 'x' is the average sequence length, 'y' is the 
cosmid insert size (35 kb) and 'n' is the number of sequences. Table 5.1 describes 
this information. 
40% coverage of each cosmid was used in the Fugu Landmark Mapping 
project, where a sequence scanning approach was employed, which is very similar to 
the sequence sampling method used here (Nurminsky and Harti, 1996). This level of 
coverage was found to be sufficient when searching for genes. Over 1000 Fugu 
cosmids have been scanned and now specific regions of the genome can be compared 
with mammals (Elgar, 1996);(Elgar etal., 1998). 
Both contig assembly and estimated sequence lengths are similar, confirming 
the randomness of the sequence sampling approach. Randomness was essential for 
good coverage of the cosmid. 
5.2.3 Gene Homologies from Database Searches 
In total seven gene homologies, as outlined in Table 5.2, were discovered: 
three mapped to macrochromosomal cosmids and four to microchromosomal 
cosmids. 
5.2.4 Gene Homologies on the Macrochromosomes 
Three gene homologies were discovered from the eight macrochromosomal 
cosmids: genes homologous to the human 5-Hydroxytryptamine 1D receptor (5-
HT I D) (Hamblin and Metcalf, 1991) and a platelet-activating receptor protein 
(PTAFR) (Jacobs et al., 1997) were found on cosmid 27. The chicken transforming 
growth factor beta receptor gene (TGFR1) was present on cosmid 28. 
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Table 5.1 Estimated and Actual Sequence Lengths From Sequence 
Sampled Random Cosmids 
The equation P=,_[,_X/Y]n  was used to calculate the estimated sequences lengths 
with 'p' is the probability of cloning the entire cosmid, 'x' as the length of the average 
sequence read, 'y' the cosmid insert size (35,000 bp) and 'n' the number of 
sequences; Mic- microchromosome 
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Physical % Coverage Assembled No. of Average Total 
Cosmid Assignment of Cosmid unique sequences sequence sequence 
sequence read read (bp) 
(bp) (bp) 
28 2p12-p11 59 13537 106 322 34132 
35 2q26-q32 54 12199 90 333 29970 
34 2q32-q35 54 15069 77 389 29953 
08 3q11 47 16423 52 463 24076 
30 3q23-q33 44 14785 61 369 22509 
16 4p13-p12 64 26788 72 539 38808 
33 4p14-p13 45 14226 66 344 22704 
27 5q21-q22 51 18262 80 345 27600 
Average: Total: 131289 Total: 604 Average: Total: 
52.25 380 229752 
continuecF 
Table 5.1 continued 
Cosmid Physical % Coverage Assembled No. of Average Total 
Assignment of Cosmid unique Sequences sequence Sequence 
sequence read Read (bp) 
(bp) (bp) 
01 Mic 66 21480 80 320 41600 
07 Mic 37 13570 49 362 17738 
14 Mic 44 12248 46 490 22540 
20 Mic 72 24010 114 427 48678 
21 Mic 62 19354 72 521 37512 
31 Mic 46 11710 68 352 23936 
32 Mic 48 15577 88 287 25256 
36 Mic 43 13266 64 339 21696 
Average: Total: 131215 Total: 581 Average: Total: 
52.25 411 238956 
Table 5.2 Gene Homologies Found by Sequence Sampling 
Mic-microchromosome 
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Cosmid Chicken Cosmid Physical Gene Homologies 
GenBank Accession Assignment 
Numbers 
28 AJ231919-231950 2pI2-p11 (Chicken) Transforming Growth Factor Beta Receptor 
(TGFBR1) 
00 
35 AJ232107-232137 2q26-q32 None 
34 AJ232079-232106 2q32-q35 None 
08 AJ231737-231764 3q11 None 
30 AJ231951-231979 3q23-q33 None 
16 AJ231786-231815 4p13-p12 None 
33 AJ232048-232078 4p14-p13 None 
27 AJ231872-231918 5q21-q22 (Human) 5-Hydroxytryptamine 10 receptor (5-HT 10); 
(Human) Platelet Activating Factor Receptor (PTAFR) 
continued 
Table 5.2 continued 
Cosmid 	Chicken Cosmid 	Physical 	 Gene Homologies 
GenBank Accession Assignment 
Numbers 
07 	AJ231709-231736 	Mic 	 (human) Hydroxybutyrate Dehydrogenase 
14 AJ231765-231785 Mic (human) M130 Antigen 
20 AJ231816-231844 Mic 
Chicken CEPU-1 Gene 
21 AJ231845-231871 Mic None 
31 AJ231980-232004 Mic None 
32 AJ232005-232047 Mic (human) K1AA0677 Protein 
36 	AJ232138-232169 	Mic 	 None 
- 
5.2.5 5-Hydroxytryptamine 1D Receptor 
The neurotransmitter and local hormone 5-Hydroxytryptaniine (5-14T), or 
serotonin, is widely distributed in animals. It plays a role in many physiological and 
pathophysiological pathways centred around the central nervous system (CNS) and 
intestine. 5-HT stimulates the contraction of smooth muscles such as blood vessels, 
the intestine (to mediate peristalsis) and the uterus, and also stimulates sensory nerve 
endings. It has a potential role in platelet aggregation and microvascular control. In the 
CNS, 5-HT is thought to be involved in functions such as the control of mood, 
anxiety, hallucinations, sleep, vomiting, thermoregulation and pain perception 
(Saudou and Hen, 1994) and (Watson and Arkinstall, 1994). 
There is a wide range of 5-HT receptors which can be divided into seven - 	- 
subfamilies, 5-HT 1 -5-HT7, based on amino acid sequence homology and coupling to 
second messengers. Each subfamily is broken down further into receptor subtypes 
which have individual brain distributions (Saudou and Hen, 1994);(Clement et al., 
1996). The 5-HT 1  subfamily, to which the 5-HTID (formally known as 5HT lDa) 
receptor belongs, are G-protein coupled receptors and comprise of five subtypes 
which all share a degree of sequence homology (-50%) and have overlapping 
pharmacological specifities. The receptors are located within the lipid bilayer; they 
comprise of seven transmembrane proteins and are linked to the inhibition of 
adenylate cyclase activity (Shih et al., 1991);(Watson and Arkinstall, 1994). The 
receptor is located in neurons in the CNS and in vascular smooth muscles such as the 
coronary artery, and may have a role, alongside receptors 5-HT 1A and 5-HT IB , in the 
control of the release of 5-HT as well as controlling neurotransmitter release. It is also 
thought to have a role in feeding behaviour, anxiety, depression, cardiac function and 
movement (Weinshank etal., 1992), (Watson and Arkinstall, 1994) and (Wurch et al., 
1997). The 5-HT ID receptor has been identified in dog, guinea pig and human 
(Saudou and Hen, 1994) and (Wurchet al., 1997). The receptor 5-HT IB , (formally 
known as 5- HT lD ) is the rodent homolog of the 5-11T ID receptor and is found in 
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opossum, rat, hamster and mouse. It has a different pharmacological profile due to a 
single amino acid change. Stimulation of the 5-HT 18 receptor is thought to lead to an 
increase of anxiety and locomotion but a decrease in food intake and aggressive 
behaviour (Clement etal., 1996). 
The 5-HTID gene, which had not previously been isolated in chicken, was 
found on cosmid 27, which maps to macrochromosome 5 at position q21-q22. 
Figures 5.1 and 5.2 present the BLASTN and BLAS1'X results from the database 
search. Significant hits with chicken sequence were observed both in the coding 
sequence of the gene and the 5' glycosylation site. Significant hits to a number of 5-
HTID receptors from a wide range of species were also observed, the highest scores 
and probabilities for the human 5-HTID receptor. Other species with high scores and 
probabilities include pig, Fugu, plus the mouse and rat 5-HT IB receptor. The chicken 
5-11T ID  receptor also shares homology with other members of the 5-HT 1 subfamily 
such as the mouse 5-HT IE and human 5HT ia receptors. The chicken 5-HT ID 
receptor appears to be orthologous to the human 5-HTID in that they have diverged 
from each other after speciation events. The chicken 5-HT ID is paralogous to mouse 
5-HT 1B  receptors as it has diverged after a gene duplication event (Eisen, 1998). 
5.2.6 Platelet-Activating Receptor Protein 
The phospholipid platelet-activating factor (PAF) acts as an intercellular 
messenger. It is involved in a range of activities including platelet activation, allergic 
response, asthma, septic shock, arterial thrombosis and other inflammatory process. 
It also has a role in the activation of polymorphonuclear leukocytes, monocytes and 
macrophages, decreasing cardiac output, the stimulation of uterine contraction and 
glycogenolysis in the liver (Seyfried et al., 1992) and (Prescott et al., 1990). The 





Sequences producing High-scoring Segment Pairs: 	 Score P(N) 	N 
gb M81589 HTJNSER1DRA Homo sapiens serotonin 1D receptor (..972 3.1e-73 1 
gb M89955 HtJM5HT1DA Human 5-HT1D-type serotonin receptor. .972 3.6e-73 1 
embIY11868ISS5HTSR1D S.scrofa InRNl for serotonin 1D recep. .900 2.4e-67 1 
gb L20335 MUSGPCR14 Mouse serotonin-1D receptor homologu. .873 8.7e-66 1 
gb U60825 0CU60825 Oryctolagus cuniculus 5-HT1D alpha r. .882 9.9e-66 1 
emb Z50162 005HT1DAR Oryctolagus cuniculus gene for 5HT1D. . 873 6. 5e-65 1 
einb X94908 MM5HT1D M.muscuius 5-HT1D gene for seroprote. .855 1.8e-63 1 
gb S74770 S74770 	serotonin 5HT1D alpha receptor homol. .721 1.3e-53 1 
eInbIX83865IFR5HT1D F.rubripes 5HT1D gene 	 714 1.9e-50 1 
gb U82175 CPU82175 Cavia porcellus 5-HT1B receptor gene. .438 1.9e-26 1 
gb S45398 S45398 serotonin 1D receptor (clone S8-beta. .379 3.7e-22 1 
gb L04962 HUNSRCPT1F Homo sapiens serotonin receptor (HTR. .230 4.4e-16 2 
embIZ14224IMMSR5HT1E M.musculus mRNP for 5HT1E beta serot. .212 6.5e-16 2 
gb L05597 HUMSEROTON Human serotonin receptor gene, compi. .230 6.5e-16 2 
gb U80852 CPU80852 Cavia cobaya 5-hydroxytryptamine iF . .230 7.1e-09 1 
gbM81589IHUMSER1DRA Homo sapiens serotonin 1D receptor (5-HT1D') mRNA, 
complete cds. Length = 1200 
Score = 972 (268.6 bits), Expect = 3.le-73, P = 3.1e-73 
Identities = 286/403 (70%), Positives = 286/403 (70%), Strand = Plus / Plus 
Query: 1 CTATCAcAGATGcTqvMGmTATGCCAAACGCCGGACTGCTGGCCGAGCAATGCTCATGA 60 
1111111 	IIIIIIIIIIIIIIII 	II 11111 
Sbj ct: 459 CAATCACAGATGCCCTGGATACAGTAAACGCAGGAQGGCTGGCCACGCGGCCACCA'IW 518 
Query: 61 TCGCTGTGGTIW-,GATGATCTCCArITAGTAVIqICTGTGCCACCAVITPMTGGAGGCAAG120 
liii 	1 	11 	111 11111111 	1 	11 	11 
Sbj ct: 519 TCGCCATI'GTCTGGGCCATCTCCATC3CATCTCCATCCCCCCGCTCTTCTGGCGGCAGG 578 
Query: 121 TGA AGCTCATGAAAAATCNCGAANTGTAA LACACAGATCAGA'ITrCCTACACAA 180 
Sbj ct: 579 CCAAGGCCCAGGAGGAG [GTCGGAC GGACACCCAGATCTCCTACACCA 638 
Query: 181 TTTATTCCACCTGTGGAGCTTTICTACATTCCAACTGTGCTICCTCCTAATATTATACNGTA 240 
III 	IIIIIIIIII 	II 	11111111111 	IIIIIIIIII 	liii 	I 
Sbj Ct: 639 TCTACTCCACCTGTGGGGCCTTCTACATTCCCTCGGTGTTGCTCATCATCCTATATGGCC 698 
Query: 241 GGATTTATGTANCANCTCGATCCAAGATCCTGAAGCCACCCTCACTGTATGGGAAACGAT 300 
I 	III 	I 
Sbj ct: 699 (3GATCTACCGGGCTGCCCGGAACCGCATCCTGAATCCACCCTCACTCTATGGGAAGCGCT 758 
Query: 301 TCACTACTGCACACCTGATAACTGGCTCTGCTGGGTCTTCCCTCTGCTCCATTAACGCAA 360 
Sbj ct: 759 TCACCACGGCCCACCTCATCACAGGCTCTGCCGGGTCCTCGCTCTGCTCGCTCAACTCCA 818 
Query: 361 GCCTTCATGAAGGGCATTCCCATTCCGGTGGATCCCCGATATr 403 
III 
Sbj ct: 819 GCCCCAAGGGGCACTCGCACTCCGCIX3GCTCCCCNTr 861 




Reading High Probability 
Sequences producing High-scoring Segment Pairs: 	Frame Score P(N) 	N 
TREMBL:P79400 P79400 SEROTONIN RECEPTOR 1D (FRAGMENT) . .+3 560 1.0e-72 1 
SWISSPROT:5H1D_HUMAN P28221 homo sapiens (human). 5-h..+3 557 2.le-72 1 
SWISSPROT:5H1D_RABIT P49145 oryctolagus cuniculus (ra. .+3 554 5.4e-72 1 
TREMBL:002823 002823 5-HT1D ALPHP RECEPTOR. 7/97 +3 554 5.4e-72 1 
SWISSNEW:5H1D_MOUSE ID 5H1D_MOUSE STANDARD; PRT; 374 . .+3 542 2.5e-70 1 
SWISSPROT:5H1D_RAT P28565 rattus norvegicus (rat). 5-..+3 540 4.7e-70 1 
TREMBL:Q61615 Q61615 SEROTONIN 1D RECEPTOR (FRAGMENT) . .+3 542 5.4e-70 1 
SWISSPR0T:5H1D_CANFA P11614 canis familiaris (dog). 5. .+3 523 1.1e-67 1 
TREMBL:008891 008891 5-HT1D RECEPTOR. 7/97 +3 523 1.le-67 1 
SWISSNEW:5H1D_CAVPO ID 5H1D_CAVPO STANDARD; PRT; 376 . .+3 520 2.7e-67 1 
SWISSNEW: 5H1D_FUGRU ID 5H1D_FtJGRU STANDARD; PRT; 379 . . +3 460 2. 5e- 60 2 
TREMBL:Q64054 Q64054 SEROTONIN 5HT1D ALPHP RECEPTOR H. .+3 449 5.9e-57 1 
SWISSNEW:5H1B_RAT ID 5H1B_RAT STANDARD; PRT; 386 AA. +3 320 2.2e-45 3 
SWISSPROT:5H1B_RAT P28564 rattus norvegicus (rat). 5-. .+3 320 2.2e-45 3 
SWISSPROT:5H1B_DIDMA P35404 dideiphis rnarsupialis vir. .+3 173 1.5e-44 4 
SWISSNEW:5H1B_CRIGR ID 5H1B_CRIGR STANDARD; PRT; 386 . .+3 329 1.3e-43 2 
SWISSPROT:5H1B_CRIGR P46636 cricetulusgriseus (chine. .+3 329 1..3e-43 2 
SWISSNEW:5H1B_HtJMAN ID 5H1B_HUMN STANDARD; PRT; 390 . .+3 326 3.7e-43 2 
SWISSPROT:5H1B_HUNN P28222 homo sapiens (human). 5-h..+3 326 3.7e-43 2 
SWISSNEW:5H1B_MOUSE ID 5H1B..M0USE STANDARD; PRT; 386 . .+3 321 1.8e-42 2 
TREMBL:P79400 P79400 SEROTONIN RECEPTOR 1D (FRAQIENT). 5/97 
Length = 291 
Plus Strand HSP5: 
Score = 560 (257.6 bits), Expect = 1.0e-72, P = 1.0e-72 
Identities = 104/133 (78%), Positives = 115/133 (86%), Frame = +3 
Query: 3 ITDALEYAKRRTAGRAMLMIAVVMISISISVPPFEWRQVKAHEEIXXCiVNTDQISYTI 182 
I'IDALEY+KRRTAG A MIA+VW ISI IS+PP FWRQ +AHEEI C VNT QISrI 
Sbj ct: 60 ITDALEYSKRRTAGHAAAMIAIVWAISIC1SIPPLRQAR 	 SQISYTI 119 
Query: 183 YSTCGAFYI PTVLLLILY RIYV SKILKPPSLYGK 	ITGSAGSSLCSINAS 362 
YSTCGAFYIP++LL+ILY RIY R++IL PPSLYGKRFTrAHLITOSAGSSLCS+N S 
Sbj ct: 120 YSTCGAFYIPSLLLIILYGRIYRAANRIUPPSLYGKRFHLITGSAGSSU1CSS 179 
Query: 363 LHEGHSHSGGSPI 401 
LHEXHSHS GSP+ 
Sbjct: 180 LHEGHSHSAGSPL 192 
Figure 5.2 Cosmid 27 BLASTX Results: 5-Hydroxytryptamine ID Receptor 
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activating receptor (PTAFR), which is a part of the G- protein coupled receptor 
family; the binding of PAF stimulates GTPase activity. The receptors are found in 
cells and tissues where PAF has effects (Seyfried et al., 1992) and PTAFR is 
involved in the pathogenesis of many diseases and also has a role in normal 
physiological processes such as homeostasis and reproduction. It can activate 
tyrosine kinase pathways which leads to the phosphorylation of Src proteins (Chase 
etal., 1996). 
DNA sequence from cosmid 27 produced a significant database hit against the 
P TA FR gene. The match was observed in the coding region of the gene and this 
appears to be the first time this gene has been found in a non-mammalian species. 
The chicken PTAFR gene has not previously been isolated (Figures 5.3 shows the 
BLASTN results) and was also found on cosmid 27, which maps to chicken 
macrochromosome 5q21-q22. A BLASTX search proved unsuccessful for this gene. 
5.2.7 Conservation of Synteny 
The PTAFR and 5-JITID genes are syntenic in chicken as they are located on 
the same chromosome. The sequencing data from this cosmid is incomplete, and so 
one cannot say how close these two genes are to each other. However, as the cosmid 
insert size is 38 kb, the genes are at the very most this distance apart. The genes are 
also syntenic in human and mouse, fonning a small conserved segment, but appear to 
be further apart. In humans, both the PTAFR and 5-HTJD genes map to lp35-p34.3 
and are estimated to be 100 kb apart. In mouse, Ptafr maps to chromosome 4 at 
position 62.4 and 5-HTJB  to chromosome 4 at position 66.0. The P TA FR gene has 
not been found in other species and without this information it cannot be determined 





Score P(N) 	N 
NEWEMBL:AF002986 ! Af002986 Homo sapiens platelet activat. .490 7.2e-33 1 
NEWEMBL:AF002986 Af002986 Homo sapiens platelet activating receptor homolog 
(H963) InRNA, complete cds. 11/97 
Length = 1272 
Plus Strand HSPs: 
Score = 490 (135.4 bits), Expect = 7.2e-33, P = 7.2e-33 
Identities = 158/233 (67%), Positives = 158/233 (67%), Strand = Plus / Plus 
Query: 3 ACCAATAAAAACCAPAAGAAGACCTAkCGCAAGG3CATCGATPPCAkkACAAAA 62 
1111111111 	III 	11111 	liii 	IllIllIllIlIl 	II 
Sbj ct: 673 ACCCATCAAAGACATCAAGGAAAAGTCAA.TGGGTmTATGGGTrTAAAAAGGAA 732 
Query: 63 MqVGGAGAGACTGGCACGTGTTICACTAACPTGCACAGCAATAT]CCTGAM1T1 122 
11111 	111111111 	111111111 	III 	IIIIIIII 	111111 
Sbj ct: 733 	GAAGAAATTGGCATGCACAAATCATA1XGTAGCAATA'1T1TrAAATPI'C -792 
Query: 123 TCAGCTGTGATACTCATTTICCAATTTICCTTGTTGTICAGACAGCTICTACCAGAACAAATAC 182 
11111 	III 	III 	1111111 	111111 	I 11111111111 	1111111 
Sbj ct: 793 TCAGCCATCA'1"1T1ATATCCA 852 
Query: 183 AGCGAGAGTTACACAAATGTGAAGAAAGCCCTGGTGAGCATACTGCTGCTGAC 235 
I 	1111111 	1111111111 	liii 	II 11111111 	I 1111 
	
Sbj ct: 853 A AAATACCCAA 	AAAkGGCTCTCATCAACATACrrrrAGTGC 905 
Figure 5.3 Cosmid 27 BLASTN Results: Platelet Activating Receptor 
Homolog 
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5.2.8 Transforming Growth Factor Receptor Gene 
The TGF-f3 family has effects on cell proliferation, differentiation and 
organisation. The transforming growth factor TGFfR1, or receptor protein kinase 2 
(RPK-2), is a member of this family as it has a kinase domain which is related to the 
type II receptor for TGF-Ii The TGFI3R1 sequence has the, most similarity with 
chick receptor protein kinase 1 (RPK-1), which is another member of this family. 
Potential ligands for TGFIR1 include growth factors such as the bone morphogenetic 
proteins, Vgl-related protein and inhibins (Nohno etal., 1993). 
Three regions of the TGFf3R1 receptor were isolated, two in the exon and one 
in the 3' end, prior to the poly A site. Figure 5.4a presents the BLASTN and figure 
5.4b the BLASTX results. Although the TGFR1 cDNA was isolated from a chick 
embryonic DNA library prior to this study (Nohno et al., 1993), it had not been 
mapped. Genetic and physical mapping data indicate that the gene maps to the short 
arm of macrochromosome 2. 
5.2.9 Gene Homologies on the Microchromosomes 
Four gene homologies were found across the eight microchromosomal 
cosmids. The chicken CEPU- 1 gene on cosmid 20; the gene for a chicken scavenger 
receptor-like protein homologous to a human M 13 0 antigen protein on cosmid 14; a 
homolog of the human (R)-3-hydroxybutyrate dehydrogenase (BDH) gene (Marks et 
al., 1992) on cosmid 7; and cosmid 32 produced a significant hit to human sequence 





Sequences producing High-scoring Segment Pairs: 	 Score P(N) 	N 
djtD14460ICKRPK2 	Chicken RPK-2 mRNA for receptor pro. .524 7.2e-36 1 
gb U37065 MSU37065 Mustela sp. 3F-b type I receptor m. .380 4.4e-22 1 
gb L11695 HtJMALK5A 	Human activin receptor-like kinase . .380 4.7e-22 1 
gb 1321860 XLU21860 Xenopus laevis type I serine/threon. .375 1.2e-21 1 
bjID28526IMUSFBIR Mouse iriPNA for TGF-beta type I rece..357 4.4e-20 1 
dj1D1446011-UCRPK2 Chicken RPK-2 mRNA for receptor protein kinase, complete 
cds. 
Length = 2186 Plus Strand HSP5: 
Score = 524 (144.8 bits), Expect = 7.2e-36, P = 7.2e-36 
Identities = 106/109 (97%), Positives = 106/109 (97%), Strand = Plus / Plus 
Query: 165 GGCAAkCCAGCAM GCCCACAGAGAT AAATCA 	CATATTAAAG.MGAA 222 
1111111111111111111111 	I 1111111111 	11111111111111111 	I 1111111 
Sbj ct: 1074 GGCAAACCAGCAAT GCCCACAGAGAT GATCA 	TA 	TAAAGAAGAA 1131 
Query: 223 TGGAACATGCTGCATTGCAGACCTGGGGTTGGCAGTTAGGCATGATTCA 271 
IIIIIIIIIIIIIIIIIIIIII 	III 	I 1111111111 	I 11111111111 	I 
Sbj ct: 1132 
Figure 5.4a Cosmid 28 BLASTN Results 
• 	Smallest 
Sum 
Reading High Probability 
Sequences producing High-scoring Segment Pairs: 	Frame Score P(N) 	N 
pirl IA56693 	 receptor protein kinase RPK-2 -. .+3 180 9.1e-18 1 
gi 841310 (1321860) type I serine/threonin. .+3 179 1.3e-17 	1 
gi 1045610 	 (1337065) 'rGFb type I receptor . .+3 177 2.4e-17 1 
pin 1JC2062 transforming growth factor-beta. .+3 177 2.5e-17 1 
pir 1A56693 receptor protein kinase RPK-2 - chicken >gi285700 (D14460) 
receptor protein kinase [Gallus gallus] 
Length = 440 Plus Strand HSPs: 
Score = 180 (82.8 bits), Expect = 9.le-18, P = 9.1e-18 
Identities = 34/35 (97%), Positives = 34/35 (97%), Frame = +3 
Query: 213 IGGIHEDYQLPYYDLVPSDPSVEEMKKVVCEQKLR 317 
IGGIHEDYQLPYYDLVPSDPSVEEMKKVVCEQKLR 
Sbj ct: 354 IGGIHDYQLPYYDLVPSDPSVEEMKKVVCEQKLR 388 
Figure 5.4b Cosmid 28 BLASTX Results 
Figure 5.4 Cosmid 28 BLASTN and BLASTX Results: Transforming 
Growth Factor Receptor Gene 
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5.2.10 The Chicken CEPU-1/Opioid-Binding Cell Adhesion Molecule Gene 
Members of the inimunoglobulin superfamily mediate cell-cell interactions in 
the immune system and the developing nervous system. The gene CEPU-1 is a 
member of this superfamily. In chicken it has been found to be expressed in the 
developing Purkinje neurons in the cerebellum. (Spaltmann and Brummendorf, 1996). 
The CEPU-1 protein shows high sequence similarity with other members of this 
superfamily, such as the opioid-binding cell adhesion molecule (OBCAM); this has a 
potential role in cell adhesion and as a neuropeptide receptor and, like CEPU- 1, is 
expressed in the nervous system (in the striatum, cerebral cortex and cerebellum 
regions of the brain) (Wu etal., 1990) and (Shark and Lee, 1995). Both CEPU-1 and 
OBCAM are glycosylphosphatidylinositol (GPI)-anchored proteins (Hachisuka et 
al., 1996) and (Spaltmann and Brummendorf, 1996). The CEPU-1 gene had been 
isolated from chicken prior to this study and has now been mapped to a 
microchromosome. Figures 5.5 and 5.6 highlight the BLASTN and BLASTX results 
showing hits to the chicken CEPU-] and human OBCAM genes. A chicken OBCAM 
gene does not appear to be present in any database and there is no literature 
documenting it. The BLAST search results suggest that the chicken CEPU-1 gene 
may be the chicken OBCAM gene and is therefore the ortholog of human OBCAM. If 
they were different genes this would be seen clearly in the BLASTN results, with 
separate database matches to OBCAM and CEPU-1 genes. This is confirmed by the 
BLASTX results, which are identical for both CEPU-1 and OBCAM genes. 
5.2.11 Human M130IBovine WC1 Antigens 
Monoclonal antibodies were used to defme the human monocyte/macrophage-





Sequences producing High-scoring Segment Pairs: 	 Score P(N) 	N 
embIZ72497IGGCEPU1 G.gallus mRNA for CEPU-1 	 431 1.2e-25 1 
gb L34774 HUMOBCAM Human (clone pHOM) opioid-binding cell. .386 7. 6e-22 1 
gb M88710 RATCALMB Rattus norvegicus cell adhesion-like m. .359 1.5e-19 1 
gb U16845 1NUl6845 Rattus norvegiCus neurotrimin mRNA, Co. .350 8.3e-19 1 
embIX12672IBTOBCAM Bovine mFNA for opioid binding protein. .350 8.5e-19 1 
embIZ72497IGGCEPU1 G.gallus m1NA for CEPU-1 Length = 1257 
Minus Strand HSP5: 
Score = 431 (119.1 bits), Expect = 1.2e-25, P = 1.2e-25 
Identities = 87/89 (97%), Positives = 87/89 (97%), Strand = Minus / Plus 
Query: 599 AGGAGCCCGCGCAGCGGATGCCACCTI'CCCCAAGCTAGGACAACGTGACTGT 540 
11111111111111111111111111111 	I 	I 11111111111 	III 	11111111111 	liii 
Sbj ct: 162 AGGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCCCAAAGCTATGGACAACGTGACTGT 221 
Query: 539 GCGGCAAGGGGGAGTGCCACGCTCAGGT 511 
Sbj Ct: 222 GCGGCAAGGGGAGAGCCACGCTCAGGT 250 
gbL34774HUMOBCAM Human (clone pHOM) opioid-binding cell adhesion molecule 
mRN1, complete cds. Length = 1478 
Minus Strand HSPs: 
Score = 386 (106.7 bits), Expect = 7.6e-22, P = 7.6e-22 
Identities = 82/89 (92%), Positives = 82/89 (92%), Strand = Minus / Plus 
Query: 599 AGGAGTGCCCGTGCGCAGCGGAGATGCCACCTTCCCCAAAGCTATGGACAACGTGACTGT 540 
I 	111111 	I 111111111111111111111111111111111111111111 	I 111111 
Sbj ct: 131 AGGGCCCGIX3CGCAGCGGAGATGCCACCTTCCCCAAAGCTATGGACAACGACGGT 190 
Query: 539 GCGGCAAGGGGAGAG3CCACGCTCAGGT 511 
11111 	11111111 	11111 	1111111 
Sbj ct: 191 CCGGCAGGGGGAGAGCGCCACCCTCAGGT 219 




Reading High Probability 
Sequences producing High-scoring Segment Pairs: 	Frame Score P(N) 	N 
spIQ90773ICE1_I CEPU-1 PROTEIN PRECURSOR /gnlP. .+2 141 1.6e-11 1 
pir 1JC1238 	 opioid-binding protein (clone D. .+2 141 1.6e-11 1 
gnl PIDId1032473 	(ABO11810) CEPU-1 [Gallus gallu +2 141 1.6e-11 1 
sp Q62718 NTRI_RAT NEUROTRIMIN PRECURSOR (GP65) /p. .+2 141 1.6e-11 1 
sp P32736 OPCN_RAT OPIOID BINDING PROTEIN/CELL ADH. .+2 141 1.6e-11 1 
sp Q14982 OPCM_HUMPN OPIOID BINDING PROTEIN/CELL DH. .+2 141 1.6e-11 1 
sp P11834 OPCM_BOVIN OPIOID BINDING PROTEIN/CELL ADH. .+2 141 1.6e-11 1 
spIQ90773ICEPU_CHICK CEPU-1 PROTEIN PRECURSOR gn1PIDe244389 (Z72497) 
CEPU-1 [Gallus gallus] prf 12207311A CEPU-1 [Gallus gallus] 
Length = 353 
Plus Strand HSP5: 
Score = 141 (64.6 bits), Expect = 1.6e-11, P = 1.6e-11 
Identities = 28/29 (96%), Positives = 28/29 (96%), Frame = +2 
Query: 	2 GVPVRSGDATFPKNDNVTVRQGESATLR 88 
GVPVRSGDATFPKANDNVTVRQGESATLR 
Sbj ct: 	26 G\TPVRSGDATFPKAMDNVWRQGESATLR 54 
pin 1JC1238 oploid-binding protein (clone DUZ1) - rat gi203246 
(M88709) cell adhesion-like molecule [Rattus norvegicus] 
Length = 338 
Plus Strand HSP5: 
Score = 141 (64.6 bits), Expect = 1.6e-11, P = 1.6e-11 
Identities = 28/29 (96%), Positives = 28/29 (96%), Frame = +2 
Query: 	2 GVPVRSGDATFPKAMDNVTVRQGESATLR 88 
GVPVRSGDATFPKANDNVWRQGESATLR 
Sbj ct: 	21 GVPVRSGDATFPKMDNVTVRQGESATLR 49 
Figure 5.6 Cosmid 20 BLASTX Results: Chicken CEPU-1 and OBCAM 
Genes 
surface and within the cell and is found on all circulating monocytes and most tissue 
macrophages. The cDNA contains an exiracellular domain with nine repeating 
elements similar to scavenger receptor domains. This type of domain is also found on 
other antigens such as CD5 and CD6, the WC1 cattle antigen, in the long form of the 
scavenger receptor and in complement factor I (Law et al., 1993). 
Scavenger receptors are made up of six domains: cytoplasmic, membrane-
spanning, alpha-helical coiled-coil, collagen like (which has a role in ligand binding) 
and a type-specific C-terminal. Scavenger receptor proteins have been detected in 
macrophages of various tissues and organs and have a potential role in defence against 
pathogenic agents (Itakura et al., 1993). The scavenger receptor domains on Ml 30 
and WC1 are regular in structure (Law et al., 1993). In bovine species, the WC1 
antigen is only expressed on the surface of CD4 CDW yö T lymphocytes (Wijngaard 
etal., 1992). The extracellular portion of the WC1 antigen is made up of 11 cysteine-
rich scavenger receptor protein domains. WCJ gene families have been found in 
sheep, goats, pigs and horses. The WCJ gene family appears to be less complex in 
human and mouse genomes, with fewer genes (Wijngaard etal., 1994). 
Figures 5.7 and 5.8 show the BLASTN and BLASTX alignments respectively 
between chicken DNA and the M130 and WC1 antigen coding sequences. The 
aligmnents clearly show that a chicken member of the WC1 gene family has been 
found and it is orthologous to the human M130 gene. 
5.2.12 Homologs of the Human Hydroxybutyrate Dehydrogenase Gene 
BDH has been previously cloned and characterised from a human heart cDNA 
libraiy (Marks et al., 1992); it is a mitochondrial membrane enzyme requiring 
phosphatidyicholine for activity (Green et al., 1996; Marks et al., 1992). Its amino 
acid sequence shows homology with a superfamily of short-chain alcohol 





Sequences producing High-scoring Segment Pairs: 	Score P(N) 	N 
EM_HU1:HSM130A Z22968 H.sapiens mRNA for M130 antigen. 1. .468 2.3e-38 
EM_HLJ1:HSM130AC1 Z22969 H.sapiens mRNA for M130 antigen . .468 2.3e-38 
EM_HtJ1:HSM130AE Z22971 H.sapiens mRNA for M130 antigen e. .468 2.4e-38 
EM_HU1:HSM130AC2 Z22970 H.sapiens mRNA for M130 antigen . .468 3.2e-38 
EM_RO:MM12434 U12434 Mus musculus mscd6 precursor (Cd6) ..446 6.le-35 
EM_OM:SSSRP2 X99333 S.scrofa mRNA for scavenger-receptor. .435 1.2e-34 
EM_RO:NM35370 U35370 Nus musculus T cell accessory signa. .437 3.9e-34 
EM_OM:BBWC11JYIR X63723 B.bovis WC1.1 inRNP. 5/94 429 1.7e-33 
EM_RO:MM37544 U37544 Mus musculus T cell surface glycopr. .428 1.9e-33 
EM_RO:MM37543 U37543 Mus musculus T cell surface glycopr. .428 2.4e-33 
EM_OM:SSSRP3 X99334 S.scrofa rnRNA for scavenger-receptor. .415 7.8e-33 
EM_OM:S76311 S76311 T19=180-200 kda membrane protein sca. .420 1.8e-31 
EM_HU1:HS346251 U34625 Human T cell surface glycoprotein. .379 2.6e-29 
EM_HU1:HS346241 U34624 Human T cell surface glycoprotein. .379 2.7e-29 
EM_HU1:HS346231 U34623 Human T cell surface glycoprotein. .379 2.8e-29 
EM_HtJ1:HSCD6 X60992 H.sapiens CD6 mBNP for T cell glycop. .379 3.1e-29 
EM_OV:PM20652 U20652 Petrornyzon marinus scavenger recept. .445 9.0e-27 
EM_RO:MM37438 U37438 Mus musculus CRP-ductin-alpha mBNA, ..424 5.5e-25 
E2C_RO:RN32681 U32681 Rattus norvegicus ebnerin rnRNPi, corn. .372 1.2e-20 
EM_OM:SSSRP4 X99335 S.scrofa iriRNP for scavenger-receptor. .339 6.7e-18 
EM_Htil:HSN13OA Z22968 H.sapiens mRNA for M130 antigen. 11/96 
Length = 3703 
Plus Strand HSPs: 
Score = 468 (129.3 bits), Expect = 2.3e-38, Sum P(2) = 2.3e-38 
Identities = 152/226 (67%), Positives = 152/226 (67%), Strand = Plus / Plus 
Query: 43 AGCGGCGC 	 TACTACCAGGGCCAATGGGGCACCGTCTG 102 
II 	II 	11111111 	11111111 	11111111 	I 
Sbj Ct :2258 AGGGGTCGC 2317 
Query: 103 CGACGACGCCTGGGACACGGCCGCGCTG1TGTI'G1TICCGCCAGCTGANCTGCGGGTG 
1111 	III 	IlIllIlIllIll 	11111 
162 
Sbj ct :2318 
11111 	1111111 	I 
ACAGCTGGGACCAGTGGCCCACGTGGTGCAGACAGCGGCTGTGGAGA 2377 
Query: 163 GGCTGGAGGCGGCCGGCTCCGCTCGGTGCGAGGGCTCCGGGCNATCTGGCGA 
11 	11 	1111 	11111 	11 	11 11111 	11111111111 III 	I III 	1 
222 
Sbj ct :2378 GGCCATrATGCCACTGGTrCCTCATI 	GGGGAAGGAACAGGGCCCATGGCGA 2437 
Query: 223 TGGTGTGAACTGCTCTGGGACTGAAGCTGCTCTCTGGGACTGTCAT 268 
JIll 	1111111111 II 	1111111 	JIll 
Sbj ct: 2438 1AGAAAACAAGGPAPAGPATCCCGCA'ITI'GGCAGTGCCAT 2483 




Reading High Probability 
Sequences producing High-scoring Segment Pairs: 	Frame Score P(N) 	N 
pir 138005 M130 antigen (cytosolic variant . .+2 219 5.7e-28 	2 
pir 138004 M130 antigen (cytosolic variant . .+2 219 5.7e-28 2 
pir 138006 M130 antigen (extracellular van. .+2 219 5.7e-28 	2 
pir S36077 M130 antigen - human lgi312142 . .+2 219 5.7e-28 2 
gi4105084 (AF043112) hensin [Oryctolagus c. .+2 218 5.1e-27 	2 
pin 1A57190 ebnerin precursor - rat lgi9753. .+2 204 7.6e-27 3 
gnl PIDe328724 (AJ000342) DMBT1 protein, 5.8 kb. .+2 204 8.5e-26 	2 
pin 1S56744 mucin (clone pG47-1) - bovine lb. .+2 204 1.3e-25 3 
gnl PID e254903 (X99334) scavenger-receptor prot. .+2 189 4.1e-25 	2 
gnl PID e254902 (X99333) scavenger-receptor prot. - +2 187 6.9e-25 3 
spIP30205IWC11_130V ANTIGEN WC1.1 lpirl lA46496 antig. .+2 195 7.6e-25 	2 
bbs 117475 WC1 antigen [cattle, CD4-CD8- ga. .+2 195 7.6e-25 2 
pin IS56745 mucin (clone pG'131-1) - bovine I. .+2 196 2.7e-24 	2 
pir IJC4361 scavenger receptor Cys-rich epid. .+2 188 69e-24 2 
gnl PIDIe254811 (X99335) scavenger-receptor prot. .+2 189 6.9e-24 	2 
pin 1138005 M130 antigen (cytosolic variant 2) - human gi312146 
(Z22970) M130 antigen cytoplasmic variant 2 [Homo sapiens] 
Length = 1156 
Plus Strand HSP5: 
Score = 219 (100.3 bits), Expect = 5.7e-28, Sum P(2) = 5..7e-28 
Identities = 38174 (51%), Positives = 46/74 (62%), Frame = +2 
	
Query: 47 GRCAGRVEIYYQGQWG) 	CQ 	RQLXCGWAVEAAGSARFGEGSGXIWLIJG 226 
GRCAGRVEIY++G WG RQL CG A+ A GSA FGEG+G IWLD 
Sbj ct: 721 GRCAGRVEIYGSWGTICDDSWDLSD NCRQLIGCGE ATGSAHGEG3PIWLDE 780 
Query:227 VNCSGTEAALWDCH 268 
+ C+G E+ +W CH 
Sbjct:781 NKCNGKESRIWQCH 794 
Score = 84 (38.5 bits), Expect = 5.7e-28, Sum P(2) = 5.7e-28 
Identities = 13/17 (76%), Positives = 15/17 (88%), Frame = +1 
Query: 277 WGQHDCGHKEDAGWCS 327 
WGQ +C HKEDAGV+CS 
Sbj ct :798 WGQQNCHKEDAGVICS 814 
Figure 5.8 Cosmid 14 BLASTX Results: M130!WCI Antigens 
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tissues and has been found in mitochondria from bovine heart, rat brain and liver, and 
in smooth, fast and slow twitch and cardiac muscle (Marks etal., 1992). 
The BLASTN and BLASTX results of chicken DNA aligned with BDH 
coding DNA are in Figures 5.9a and 5.9b. The BDH gene has not been previously 
detected in chicken and has now been mapped to a microchromosome. It is 
orthologous to the human and rat BDH genes. 
5.2.13 Human mRNA for K1AA0677 
K1AA0677 was isolated as part of 100 new cDNA clones from human brain 
cDNA libraries (Ishikawa et al., 1998) and maps to human chromosome 1. 
K1AA0677 expression was detected in human heart, brain, lung, liver, skeletal 
muscle, kidney, pancreas, spleen, testis and ovary. This EST contains a potential 
zinc finger and shares homology with a putative 90.2 kDa zinc finger protein 
(Ishikawa et al., 1998). Sequence from cosmid 32 produced a significant hit to the 
human sequence for the protein K1AA0667. The match is part of the coding 
sequence, and Figure 5.10 a and b show the BLAST results. 
5.2.14 Calculation of Gene Density on the Macrochromosomes and 
Microchromosomes 
5.2.15 Relative Gene Density 
In this study, three genes per 131 kb of macrochromosomal DNA and four 
genes per 131 kb of microchromosomal DNA were found. The relative gene density 
was estimated by comparing the total amount of DNA sequenced for each 
chromosome type with the number of genes isolated on the macrochromosomal and 
microchromosomal cosmids. From these estimates it appears that the 





Sequences producing High-scoring Segment Pairs: 	 Score P(N) 	N 
gb M93107 HUN3HBDH Homo sapiens heart (R)-3-hydroxybuty. .385 7.7e-22 1 
gb M89902 RATDBHYDEH Sprague-Dawley D-beta-hydroxybutyrat. .315 6.2e-16 1 
gbM93107HtJM3HBDH Homo sapiens heart (R)-3-hydroxybutyrate dehydrogenase 
mRNA, 3' end. Length = 1357 Minus Strand HSPs: 
Score = 385 (106.4 bits), Expect = 7.7e-22, P = 7.7e-22 
Identities = 91/109 (83%), Positives = 91/109 (83%), Strand = Minus / Plus 
Query: 196 CTCACNTCCACGGCCCCCTACACTCGCTACCACCCCATGGATTACTACTGGTGGCTGCGC 137 
liii 	1111 	llIlllIllIIIIllIIIIIIIIIIIIlIIlIIlIllIIIlIII 
Sbj Ct: 916 CT ACCGCCACCACCCCCTACACCCGCTACCACCCCA 	CTACTAC3GGCTGCG 975 
Query: 136 ATGCAGATCATGACGCACATGCCCAGCCATI1CAGACCGGCTCAAAA 88 
III'' 
Sbj ct: 976 ATGCAGATCATGACCCACTIGCCTGGAGCCATCTCCGACATGATCTACA 1024 
Figure 5.9a Cosmid 7 BLASTN Results 
x1lest 
Sum 
Reading High Probability 
Sequences producing High-scoring Segment Pairs: 	Frame Score P(N) 	N 
sp Q02 338 BDH HUMAN D-BETA-HYDROXYBtJTYRATE DEHYDROG. . -3 185 6. le- 17 	1 
sp P29147 BDH_RAT D-BETA-HYDROXYBtJTYRATE DEHYDROG. . -3 168 1.3 e- 14 1 
pin 1B42845 3-hydroxybutyrate dehydrogenase. .-3 95 7.1e-06 	2 
sp 1Q02 338 I BDH_HUMAN D-ErA-HYDROXYBuTYRATE DEHYDROGENASE PRECURSOR 
(BDH) (3 -HYDROXYBUTYRATE DEHYDROGENASE) pir I A42 845 
3-hydroxybutyrate dehydrogenase (EC 1.1.1.30) - human (fragment) 
gi177198 (M93107) (R)-3-hydroxybutyrate dehydrogenase [Homo sapiens] 
Length = 343 Minus Strand HSPs: 
Score = 185 (84.7 bits), Expect = 6.le-17, P = 6.le-17 
Identities = 32/54 (59%), Positives = 38/54 (70%), Frame = -3 
Query: 234 ETFQTEwmLKSKPRVCVPVRVLTSTAPYTRYHPMDYYWWLRMQIMTHMPAAISD 73 
ET+ + 	+ P + 	LT+T PYTRYHPMDYYwWLRNQINYrH+P AISD 
Sbj ct: 285 EYCSSGSTrSPVIDAVTHALTATrPYRYHPDYYWWLRNQIMTHLPGAISD 338 
Figure 5.9b Cosmid 7 BLASTX Results 







Score P(N) 	N 
dbj1ABO14577IABO14577 	Homo sapiens mRNA for K1AA0677 p..415 3.1e-24 1 
dbjIAB014577IAB014577 Homo sapiens mPNPi for KIAP0677 protein, complete cds 
Length = 4417 
Minus Strand HSP5: 
Score = 415 (114.7 bits), Expect = 3.le-24, P = 3.1e-24 
Identities = 103/128 (80%), Positives = 103/128 (80%), Strand = Minus / P1w 
Query: 128 TCAATAGCTTCAGATATGCGCTTCACAGAGATCTTCGCAGAGAAGGAGGTCAGGCAAGA 68 
Sbj ct: 3178 TCAGTAGCCTCAGCMCGCT CA 	GA 	 GAGG'AAGCA1GA 3237 
Query: 69 GAGGAAGAGACAAAGAGTGATCAATPCACGCTACCGGGAAGI'ACATrGAACCTGCCT 8 
Sbj ct: 3238 AAAGAAACGGCAACGAGTrATCAkCTCAAGATACCGGGGAATA 	GCCTGCAC 3297 
Query: 7 GTACCGG 1 
HIM 
Sbjct:3298 ATACCGG 3304 
Figure 5.10a Cosmid 32 BLASTN Results 
Smallest 
Swa 
Reading High Probability 
Frame Score P(N) 	N 
dbjIBAA31652I 	(AB014577) K1AA0677 protein [Homo...-2 	124 1.3e-08 	1 
dbjPaAA31652 (AB014577) K1AA0677 protein [Homo sapiens] 
Length = 1064 
Minus Strand HSPs: 
Score = 124 (56.8 bits), Expect = 1.3e-08, P = 1.3e-08 
Identities = 26/42 (61%), Positives = 27/42 (64%), Frame = -2 
Query: 127 SIASDNRFTEIFAXXXXXxxXXXXXXINSRYREDYIEPALYR 2 
S+ASDMRF ElF 	 INSRYREDYIEPALYR 
Sbj ct: 1019 SVASDNRFNEIFTEKEVKQEKKRQRVINSRYREDYIEPALYR 1060 
Figure 5.10b Cosmid 32 BLASTX Results 
Figure 5.10 Cosmid 32 BLASTN and BLASTX Results: K1AA0667 
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numbers of genes found by this approach was small, the relative gene density was 
also calculated from genetic and physical mapping data (see sections 5.2.19, 5.2.20 
and 5.2.21). 
5.2.16 Absolute Gene Density 
On the macrochromosomes, one gene homology per 44 kb of DNA was 
found, whereas on the microchromosomes, 1 gene homology per 33 kb of DNA was 
recorded. Sequencing projects involving C.elegans, E.coli and S.cerevisiae have 
shown that approximately 50% of all genes are found by sequence homology with 
the current databases (Jones, 1995), due to the limited number of conserved 
sequences amongst eukaryotes which diverged 540-5 80 million years ago. 
Approximately 40% of eukaryotic genes contain these conserved sequences and 85% 
of these regions have been previously characterised within the sequence databases 
(Green et al., 1993). A sequencing project involving 1000 chicken cDNAs also 
confirmed this observation, with 45% of genes found by database hits (Bumstead, 
Personal communication). These gene density predictions are an underestimate of the 
number of genes and the true gene density is likely to be closer to one gene every 22 
kb on the macrochromosomes and a gene every 17 kb on the microchromosomes. 
5.2.17 Estimation of Gene Number in the Chicken Genome 
The gene density estimates of 1 gene every 22 kb on the macrochromosomes 
and 1 gene every 17 kb on the microcbromosomes, and the sizes of the chromosomes 
(Smith and Burt, 1998), were used to calculate the number of genes in the chicken 
genome (excluding the Z and W chromosomes). The total number was estimated to be 
59,000, with 38,000 estimated to be macrochromosomal and 21,000 
microchromosomal. 
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5.2.18 CpG Content 
The GC content of the raw sequencing data was analysed. Potential CpG 
islands were identified as having a GC% greater than 50% and an observed over 
expected figure of 0.6 (Antequera and Bird, 1993). From this data it was impossible 
to tell if there were true CpG islands due to the incomplete sequencing data and lack 
of knowledge of the methylation status of the DNA in vivo. 
As an alternative, the average CpG content of each cosmid was analysed. This 
is an indirect measure of CpG islands and the results are summarised in Table 5.3. 
The average number of CpGs/kb of sequence for each cosmid and overall average 
CpG contents for macrochromosomes and microchromosomes were calculated. On 
average, the macrochromosomes were found to contain 13.63 CpGs/kb and the 
microchromosomes 21.69 CpGs/kb. The CpG content of microchromosomal DNA 
was therefore estimated to be 1.6 times higher than on the macrochromosomes (p< 
0.0001 and 95% confidence intervals of 1.2, 2.1). 
5.2.19 Relative Gene Density from Genetic and Physical Mapping Data 
A difficulty with this data is determining how significant the differences in 
gene density between the two chromosome types as the sample size is small. To 
combat this, the distribution of genes from physical and genetic mapping data was 
used to calculate relative gene density. 
As the likelihood of mapping a gene to a chromosome by physical or genetic 
methods relies on the underlying gene density, previous genetic and physical 
mapping data was used to directly estimate the relative gene density. This was 
achieved by a comparison of the number of genes mapped by either method to both 
macrochromosomes and microchromosomes. Only markers which were mapped 




CpGslkb 	Average CpGs/kb 
28 2p12-p11 9.21 
35 2q26-q32 13.97 
34 2q32-q35 11.88 
08 3q11 15.17 
30 3q23-q33 15.09 
16 4p13-p12 15.13 
33 4p14-p13 9.85 
27 5q21-q22 18.73 	13.63 
01 Mic 23.84 
07 Mic 16.67 
14 Mic 20.84 
20 Mic 27.32 
21 Mic 20.62 
31 Mic 29.23 
32 Mic 14.33 
36 Mic 20.66 	21.69 




markers which have been mapped were chosen with a predetermined knowledge of 
their position in the genome. 
5.2.20 Physical Mapping Gene Density Data 
A total of 42 anonymous clones and 32 genes have been mapped physically 
and are listed in Table 5.4. The mapping distribution of these clones is approximately 
equal between the two chromosome types. If the distribution of the anonymous 
clones was according to genome size (as represented by the macrochromosomes and 
microchromosomes), then a 70:30 split would be expected. This discrepancy would 
indicate that there may be some kind of cloning bias inherent within the genomic 
libraries or a gene density difference. To allow for the differences in the length of 
genome being sampled by this method, a number of anonymous physical markers 
mapped with no a priori knowledge of gene content were used. This served as an 
indirect measure of the physical size of genome sampled. 
A total of 20 anonymous clones and 14 genes have been assigned to the 
physical maps of macrochromosomes. This is a ratio of 0.70 genes/anonymous loci. 
For the microchromosomes, 20 anonymous and 18 gene markers have been mapped. 
This translates to a ratio of 0.90 genes/anonymous loci. The physical mapping data 
presented here can be used to estimate the microcbromosomes to be 1.3 times as 
dense as the macrochromosomes (with a 95% confidence interval of 0.5, 3.3). In total, 
108 genes have been mapped by FISH but many of these target a specific 
chromosome or were selected based on comparative maps with human (unpublished 
data). The small sample of randomly mapped genes and the skewed distribution of 
cloned genomic DNA is a limitation of this approach. To combat this, genetic linkage 
data was analysed with a larger sample size. 
MfC 
Locus Chr No R Locus Chr No R Locus Chr No R 
ASCL MAC 0 AVDL@ MAC 1 IGFIR MIC 0 
CCND2* MAC 1 IFNI* MAC I MCIR MIC 0 
CCNDP2* MAC 0 TRKB* MAC I NCAMI* MIC I 
DCN MAC 0 ALDH MIC 0 NGFB* MIC I 
GAPD* MAC 0 NRA MPI* MIC 1 OPCML MIC 0 
H5* MAC 0 RPL37A* MIC I OVM MIC 1 
HISA@* MAC 0 RPL5* MIC 1 PGA@ MIC 0 
IGFI* MAC I ABLI MIC 0 PPY MIC 0 
PGR* MAC I ACACA* MIC I PRNP MIC 0 
UCP2 MAC 0 ADORAI MIC 0 RAFI MIC 0 
TGFBRI MAC 0 ADQRA3 MIC 0 RARB MIC 0 
ACTB* MAC 0 AKI* MIC 0 RNR MIC 1 
CCNC* MAC I ANX2 MIC 0 RPL7A* MIC I 
MYB* MAC 0 B2M* MIC 0 SLC6A4 MIC 0 
HMGI4* MAC I BBCI MIC I SUV3 MIC I 
1L8 MAC 0 BMP7 MIC 0 TAXI MIC 0 
IFR2* MAC 1 CAMLG MIC 0 TF* MIC I 
KIT MAC 0 CCNE* MIC 1 TRAFI MIC 0 
PGKI* MAC I CD3E MIC 0 H3F3B* MIC 0 
CCNDI* MAC 1 CDC2LI* MIC 1 DMD* MIC I 
HTRID MAC 0 C0S0032* MIC 0 FASN* MIC 1 
MAX* MAC 1 CRABPI MIC 0 FES* MIC 0 
TGFB3* MAC I DCMII* MIC I FLN2 MIC 0 
TH* MAC I SCD* MIC I FMOD MIC 0 
Table 5.4 Genes Which Have Been Mapped Physically by FISH 
* References in Chicken genome database (http://www.ri.bbsrc.ac.uk ) R-random, I 
= yes 0 = no; MIC-Microchromosome; MAC-Macrochromosome 
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5.2.2 1 Relative Gene Density from Genetic Mapping Data 
The numbers of genetically mapped genes were compared with anonymous 
loci associated with genetic markers to calculate gene density. The data in Table 5.5 
shows the total number of randomly mapped genes to be 147. To construct the 
genetic map, a range of genetic markers such as microsatellites, RFLPs, RAPDs, 
SSCPs and CR1 repeats have been employed (Burt and Cheng, 1998). The genetic 
map is now close to completion, as a new genetic marker has a greater than 95% 
chance of linkage to another previously mapped marker (Smith and Burt, 1998). 
5.2.22 Distribution of Microsatellite Sequences and Other Genetic Markers 
It has been hypothesised that microsatellite sequences are not randomly 
distributed across the chicken genome and are present on the microchromosomes at a 
lower density (Primmer et al., 1997). This was tested by comparing the distribution 
on the genetic map of microsatellites and other genetic markers for anonymous and 
gene sequences. The results are shown in Table 5.6. It was expected, based on their 
physical size (Smith and Burt, 1998), that in the case of anonymous markers, 70% 
would map to the macrochromosomes, and 30% to the microchromosomes. 
However, more microsatellite markers than expected were found on the 
microchromosomes. Out of a total of 368, 157 belong to a microchromosome, (43%). 
The discrepancy between the results presented here and that of Primmer may be due 
to the PRENS approach used by (Primmer et al., 1997) on the chicken 
microchromosomes. 
The distribution of other genetic markers on the macrochromosomes appears 
to be random and proportional to the physical size of each chromosome (70%:30%). 
This indicates that the distribution of genes based on these kinds of genetic markers 
are more likely to mirror to the true distribution of genes over the chicken genome. 
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Table 5.5 Genes Which Have Been Mapped by Genetic Linkage Analysis 
* References in the Chicken genome database (http:Ilwww.ri.bbsrC.aC.Uk/) R-
Random, I = yes 2 = no; SSCP-single strand conformation polymorphism; SNP-single 
nucleotide polymorphism; RFLP-restriction fragment length polymorphism; MICR-
microsatellite; CLAS-classical 
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Locus 	 Chr. No. 	Type R Locus 	Chr. No. 	Type R Locus 	Chr. No. 	Type R 
SMOH I SSCP I BMP2 3 RFLP 1 
LPL* Z SSCP 1 
NRCAM* I SNP I TGFB2* 3 RFLP 1 ALDOB Z SNP 1 
GNRH 1 SSCP 1 ACTN2* 3 SNP 1 GGTB2* Z SNP 1 
NAGA* I SNP 1 HMX1* 3 RFLP 1 RQS0028E 6 MICR 0 
LGALS4* 1 SNP 1 T 3 RFLP 1 PDE6C 6 SNP 1 
COM0II9E* 1 RFLP 1 IGF2R* 3 SNP 1 ACTA2 6 MICR 0 
IGFI 1 RFLP 1 VIP 3 SSCP 1 SCD* 6 SSCP 1 
WHB* 1 RFLP 1 ESR 3 RFLP 1 PS4P* 6 RFLP 1 
GAPD* 1 SNP 1 PLN 3 MICR 0 CPIP 7 CLAS 1 
HSD3B 1 SNP 1 BMP5 3 RFLP 1 ROS00I9E 7 MICR 0 
C0M0155E 1 RFLP 1 GSTA2* 3 SNP I CD28* 7 RFLP 1 
ROS44E 1 MICR 0 ODCI 3 RFLP 1 EEFIB2* 7 RFLP 1 
ROS038IE 1 MICR 0 CPPP* 3 CIAS 1 ROS002IE 8 MICR 0 
1 MICR 0 COM0094E* 4 RFLP 1 GGTBI 8 SNP I 
COM0092E* I RFLP 1 HMGI4A 4 RFLP 1 VTG2* 8 SNP 1 
RBI 1 SNP 1 FMR1 4 MICR 0 ROS0026E 8 MICR 0 
FUCT4* 1 SNP 1 SPPI* 4 SNP 1 PL.A2G2A* 8 SNP 1 
ROS0025E 1 MICR 0 COM0I17E* 4 RFLP 1 Bc 16 RFLP 1 
ROS005SE I MICR 0 MSXI 4 RFLP I RFP-Y@ 16 RFLP 1 
WNTII 1 RFLP 1 CD8A 4 RFLP 1 CPM* ED4 CLAS 1 
SHH 2 SSCP I CAPN1 5 SNP 1 CPEE* E04 CLAS 1 
PENK* 2 SNP 1 RYR3* 5 SNP I PGA@* E04 SNP 1 
CA2* 2 SNP 1 HTRID 5 SSCP I ARF4 E16C17W22 RFLP 1 
CALBI* 2 RFLP 1 TGFB3 5 RFLP 1 MIF* E18C15W15 RFLP 1 
NPY 2 SSCP I COM0089E* 5 RFLP 1 IGLt* E18C15W15 MICR 0 
ROSOOI8E 2 MICR 0 DNCL 5 RFLP 1 CRYBBI* E18C15W15 MICR 0 
CP49 2 RFLP 1 CKB 5 SNP 1 r E22C19W28 CLAS 1 
TGFBRI 2 RFLP I BMP4 5 RFLP I ROS0054E E22C19W28 MICR 0 
PRL. 2 SSCP 1 PRLR* Z SSCP 1 GLI E22C19W28 SSCP I 
BMP6 2 RFLP 1 MSU0068E Z RFLP 1 TGFBI E25C31 RFLP 1 
BCL2* 2 MICR 0 ROS0072E Z MICR 0 RYRI E25C31 SSCP 1 
7-NF5* 2 SNP 1 PTCH* Z SSCP 1 GNRHR E29CO9W9 SSCP 1 
ROS0023E 2 MICR 0 ROS00I7E Z MICR 0 IGFIR* E29C099 RFLP 1 
ROSOO74E 2 MICR 0 CHRNB3 Z SNP 1 AGCI E29CO99 SSCP 1 
continued 
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Table 5.5 continued 
Locus 	 Chr. No. 	Type R Locus 	Chr. No. 	Type R Locus 	Chr. No. 	Type R 
HMX3 E29CO9 RFLP I CPRR E38 CLAS 1 
POU2F3* E49C20W21 RFLP I 
CYPI9 E29CO9V'fl9 SSCP 1 COM0I52E* 638 RFLP 1 APOAI E49C20W21 SNP 1 
CCNE E3OC14W1O SSCP I ROS0020E E41W17 MICR 0 W E49C20W21 CI.AS 1 
MYH@* E31E21C25W12 MICR 0 RPL7A* E41W17 RFLP 1 ACACA E52W19 SSCP I 
ROS22E E31E21C25N12 MICR 0 ABLI* E41W17 SNP 1 
CRK* E52W19 SSCP I 
H3F3B* E31E21C25W12 RFLP 1 CD39LI* E41W17 SNP 1 AMH E53C34W16 MICR 0 
FASN E31E21C25W12 SSCP 1 AMBP E41W17 SNP 1 
TVA* E53C34W16 RFLP 1 
COM0093E* E31E21C25W12 RFLP 1 HSFI* E46C08W18 MICR 0 CDC2LI* E54 SNP 1 
HLF E31E21C25W12 MICR 0 ITGAM* E46C08W18 .MICR 0 
AGRN* E54 SNP 1 
BMPT 632 RFLP 1 POU4F3* E48C28W13 RFLP 1 ENOI* E54 SNP 1 
FZF* 632 SNP 1 CAMLG* E48C28WI3 SNP 1 PLOD* E54 SNP 1 
ROSOO78E E36CO6Y8 MICR 0 CDX1 E48C28W13 SNP 1 SLC241 EM RFLP 1 
E1F4A2 E36C06W08 RFLP 1 ROS0083E E48C28W13 MICR 0 
753* E57 SN P 1 
SNON E36C06W08 SNP 1 MSX2 E48C28W13 RFLP 1 
OL1A1* E59C350 MICR 0 
RO&0073E 638 MICR 0 OPCML E49C20W21 SSCP 1 ROS007IE E59C35W20 MICR 0 
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Anonymous Genetic Markers 	 Genetic Markers of Genes 
Chromosomes Mlcrosatemtes % 	Other % 	Microsatejiltes 	% 	Other % 
MAC(5A+Z) 	 211 	57.3 193 69.4 	13 	39.4 	58 50.9 
MIC(33A+W) 	157 	42.7 	85 	30.6 	20 	60.6 	56 49.1 
Total 	 368 	100.0 278 100.0 	33 	100.0 	114 100 
Table 5.6 Distribution of Genetic Markers on Macrochromosomes and Microchromosomos 
The genetic markers are based on the East Lansing genetic map (Burl of al., 1995) 
5.2.23 Gene Density 
A total of 58 gene markers, excluding microsatellite-based markers, have been 
randomly assigned to the genetic maps of the macrochromosomes (Table 5.7). For the 
microchromosomes, a total of 56 gene markers have been mapped. By comparing the 
genetic mapping data to the physical size of the genome, it can be estimated that the 
microchromosomes are 2.3 times as gene dense as the macrochromosomes (with a 95% 
confidence interval of 1.6, 3.3). 
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Chromosome Size (Mb)a 
	








	 Gene Densityc 	Anonymous 	 Gene Density 
MAC(5A+Z) 	843 	193 	 58 	 20 	 14 
MIC(33A+W) 	357 	 85 	 56 	2.3 	 20 	 18 	1.3 
Table 5.7 Gene Density on Macrochromosomes and Microchromosomes Based on Genetic and Physical Mapping Data 





5.3.1 Sequence Sampling Experiments 
The results presented in this chapter indicate that sequence sampling is an 
effective method of gene discovery, with genes being found in cosmids with a 50% 
success rate. This approach has led to the identification of previously unknown 
chicken genes such as 5-ITJTID and OBCAM. 
The random cosmids required subcloning prior to sequencing. Sonication and 
restriction enzyme digestion were considered as ways of fragmenting the DNA into 
suitable sizes for sequencing. Sonication is advantageous in that it produces random 
overlapping fragments, but after initial experiments this method was rejected as-large - - 
concentrations of DNA were required for subcloning and optimal conditions varied 
widely between cosmids. Other drawbacks to this method included a low 
transformation efficiency and a requirement for the additional step of end-repairing 
the fragments prior to cloning. 
Fragmentation by restriction digests was evaluated initially using Sau3A and 
EcoRI. After initial experiments, this approach was also rejected as the cosmid had to 
be subcloned several times with different enzymes for sufficient cosmid coverage. 
The restriction enzyme CviJI was then employed as it cuts at a sufficient frequency 
to produce fragments with a randomness similar to that gained with sonication (Xia et 
al., 1987) and unlike sonication, it required no blunt ending prior to ligation into a 
plasmid. A drawback with using this enzyme was that, like sonication, the conditions 
varied from cosmid to cosmid, demanding testing and high concentrations of DNA. A 
potential solution to the demand for large amounts of DNA is a transposon method, 
which is currently being used within this laboratory (Biolabs, 1998). 
The Staden package was used to analyse the sequencing data and was 
modified to assess GC/CG composition (Staden et al., 1996). It was effective at 
screening out poor DNA sequence and vector. The criterion for a gene homology 
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using a BLASTN search (DNA Vs DNA), was a high score of greater than 150 and a 
probability of less than 10 9. For a protein-protein BLASTX search (Gish and States, 
1993) a score of greater than 75 and a probability of less than 1 0 was taken to 
indicate a significant match. These conditions were more stringent than the criteria 
used to define a significant gene homology in a similar study which "sequence 
scanned" nineteen chicken cosmids (Nurminsky et al., 1996);(Clark et al., 1999). 
Prior to this study cosmid sequence scanning was used on Fugu cosmids to study 
gene content, genome organisation and synteny (Elgar, 1996);(Elgar, et al., 1998). For 
the chicken cosmids a probability score of less than 1 0 for protein database 
homologies yielded twelve significant database matches, with 3 to a 
macrochromosome and 9 to a microchromosome. These results are in agreement with 
the data presented here as both studies found more significant hits on the 
microchromosomes than on the macrochromosomes. However, the sequence scanning 
study analysed more microchromosomal (10) than macrochromosomal cosmids (8). 
An and intermediate microchromosome cosmid was also analysed but it did not have 
any gene homologies. This may, in part, account for the higher number of database 
matches. Also, a single, highly gene rich, microchromsomal cosmid was isolated. This 
contained four significant database matches, accounting for half of the database hits 
for the microchromosomal cosmids, this one cosmid thus biasing the number of genes. 
No such cosmid was isolated during the work carried out for this thesis. 
The database searches described in this chapter, with a 50% hit rate, were 
effective at finding gene homologies. A drawback was that repeats, other than the 
species-specific CR1 elements, were filtered out, but a BLAST search without the 
filter would have been too inefficient. In addition, such a search would detect 'false' 
matches due to simple repeats such as all DNAs with an AC repeat. However, this 
problem of false matches would only be encountered if searching for repeats by 
database searches. For simple repeats it is advantageous to use a program that detects 
them such as report repeats (Law, Personal Communication). This is an adaptation of 
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the XBLAST and XNU programs which mask repetitive sequences (Claverie and 
States, 1 993);(Law, Personal Communication). 
Few significant hits to human ESTs were found, most likely reflecting the 350 
million years of evolutionary divergence between birds and mammals and the bias of 
ESTs for 3' ends. With such a distance between species, homologies may not be 
detected. More chicken ESTs are required and work is currently underway to rectify 
this (Burt, Personal Communication). 
Gene finder programs such as GRAIL (Gene Recognition and Analysis 
Internet Link) were not used for a number of reasons. First, the average sequence read 
of 400 bp meant the sequences were too small for an accurate isolation of potential 
exons and introns. The programs are modelled on human sequences and do not take 
into account such features as the GC content of chicken DNA. In addition, it is also 
difficult to determine if the potential exon found is real without a database match. It 
has been reported that the GeneMark program has been used to analyse chicken 
sequences for open reading frames. However when compared with known gene 
content it gave a 17% correct ORF prediction. Therefore no predictions concerning 
novel genes or potential coding motifs were made (Clark et al., 1999). 
5.3.2 Conservation of Synteny 
Cosmid 27 contains two G-protein receptor genes, P TA FR and 5-HTJD and 
maps to the chicken macrochromosome 5 at position q2 1 -q22 and is an example of 
conserved synteny. As they are both members of a G-protein receptor family they 
may be the products of an ancient tandem gene duplication. As mapping information 
on the region in chicken is limited, it is not known if this suggested duplication would 
have generated more members of the G-protein receptor family in the region. A 
survey of the corresponding chromosome region in humans has shown no other G-
protein receptors map in this region, so this may not be the case. 
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As the sequencing data on this cosmid is incomplete, the orientation of 5-
HTJD and PTAFR cannot be derived. The proximity of the two genes to each other 
cannot be determined without further work. 
5.3.3 Relative Gene Density on Macrochromosomes and Microchromosomes 
Analysis of chicken cosmids using CpG islands as a measure of gene content 
was carried out (McQueen et al., 1998). The results showed CpG island-like 
fragments to be approximately six times denser on the microchromosomes and to 
account for 75% of all chicken genes. If true, this should have been reflected in a 
higher number of significant hits from the sequence sampling work presented in this 
study. For the sixteen cosmids used, up to sixteen gene homologies would be 
expected from the microchromosomal cosmids and two or three from the 
macrochromosomal cosmids. From this study it is estimated that the 
microchromosomes account for only 50% of all chicken genes, accounting for the 
lower number of homologies from the sequence sampling work. 
This study found the relative gene density, from sequence sampling data, on 
microchromosomes to be only 1.3 times as gene dense as macrochromosomes. 
Genetic and physical mapping data gives a gene density difference of between 1.5-
fold to 3.5-fold. These estimate is lower than the six-fold estimate suggested by a 
prior study based upon CpG islands and acetylation studies (McQueen et al., 1998). 
In this study sequence sampling was used. This is a very direct means of detecting 
genes by sequence similarity with known genes available in databases. However, only 
a small data set was examined, which may account for the lower gene density 
estimates. Despite this, the sequence sampling results, in conjunction with genetic 
and physical mapping data, do indicate a defmite two-fold difference in gene density 
between the two chromosome types. Therefore, both studies are in qualitative 
agreement in that microchromosomes are more gene dense. 
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5.3.4 Estimation of Total Gene Number in the Chicken Genome 
An estimate of 59,000 genes (38,000 macrochromosome, 21,000 
microchromosome) in the chicken genome was made, with a 21:38 split of genes 
between microchromosomes and macrochromosomes. An equal gene density between 
microchromosomes and macrochromosomes would give a split of genes of 25:75. 
This total gene number of 59,000 is in the region of previous estimates made for 
vertebrates of 80,000, (Antequera and Bird, 1993), 60,000 (Elgar, 1996), and 64,000 
(Fields etal., 1994). The estimation of gene numbers calculated in this study is close 
to an earlier report which based its estimate of 55,000 genes in the chicken genome on 
CpU island data, of which 42,000 genes were predicted to be microchromosomal 
portion, and 13,000 in the macrochromosomal (McQueen etal., 1998). 
5.3.5 CpG Content 
The CpG content of microchromosomal DNA was 1.6 times higher than that 
of the macrochromosomes, and similar to the two-fold differences found by gene 
mapping. This is in contrast to the earlier studies which suggest that 
microchromosomes are CpG island-rich and macrochromosomes are CpG island-poor 
(McQueen et al., 1996; McQueen et al., 1998). It was suggested that 
microchromosomes may have a six-fold greater CpG content than the 
macrochromosomes (McQueen et al., 1998), which is much higher than the estimate 
in this study and may reflect the different approaches used to assess CpU content as 
well as differences in sample size. Whether this high CpG content is related to the 
actual number of CpG islands or to some other feature of microchromosomal DNA 
remains to be seen. So far, no bias for house-keeping genes on the microchromosomes 
and for tissue-specific genes on the macrochromosomes has been found (McQueen et 
al., 1998), implying other reasons for the CpG content differences between the 
163 
chromosome types. However, these results do suggest a correlation between CpG 
content and gene content. 
5.4 Conclusion 
This study has shown that sequence sampling is a reasonable means of finding 
gene homologies, with a 50% success rate being observed. Previously un-categorised 
chicken genes have been cloned and a new example of conserved synteny has been 
identified. 
The results suggest that microchromosomes are approximately twice as gene 
dense as macrochromosomes, which is not as high as other studies have indicated. 
Similarly, there is a 1.6 fold difference in CpG content between macrochromosomes 
and microcbromosomes, which is lower than previous predictions. 
Finally, these data allowed an estimate to be made of the number of genes in 
the chicken genome. The estimate of 59,000 (on the autosomes) is close to estimates 
for other vertebrates. 
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Chapter 6 
Distribution of CR! Repeats 
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6.1 Introduction 
In comparison to other vertebrate species, the chicken has fewer repeats 
comprising of an estimated 17% of the genome and may be a reflection of the small 
genome size (Eden and Hendrick, 1978). A similar observation has been made for 
bats which also have a small genome size and fewer microsatellite repeats than other 
mammals (Van Den Bussche etal., 1995). However, this apparent lack of repeats has 
not hampered mapping efforts as the chicken genetic map is close to completion 
(Smith and Burt, 1998). 
Short, simple repetitive elements and species-specific, CR1 repeats are 
retrotransposons found throughout the chicken genome. How these repeats are 
distributed can be used to test the hypothesis that if microchromosomes are gene 
dense, then they should have fewer repeats because they contain less 'junk' DNA 
and therefore a limited potential target area for insertion events. This is assuming the 
insertion of a CR1 repeat into a gene would have deleterious consequences. This 
chapter discusses the distribution and evolution of avian CR1s. 
6.1.2 Interspersed Repetitive Elements 
Interspersed repetitive elements are divided into two categories. The first, 
such as Short Interspersed Nucleotide Elements (SINES) are a class of retroposons 
which do not encode their means of retrotransposition. They are derived from 
transcripts of RNA polymerase III. An example of a SINE repeat are Alu elements 
which are found in the human genome. 
The second category of interspersed repetitive elements which do encode 
their own means of retrotransposition and have retrovirus-like elements flanked by 
long terminal repeats (LTRs). Elements without these repeats are called non-LTR 
retrotransposons, and in vertebrates non-LTR retrotransposon families include the 
mammalian Li (or LINE-i, long interspersed nucleotide element-i), the Xenopus Txl 
repeat and the CR1 element in birds (Vandergon and Reitman, 1994). 
6.1.3 Chicken Repeat 1 Elements 
CR1 elements are short interspersed DNA elements which were first 
discovered in chicken. First thought to be homologous to human AluI and mouse B!-
B2 repeats, they are now known to belong to the non-long tenninal repeat 
transposons repeat family (Olofsson and Bernardi, 1983). The CR1 repeats have 
retroviral LTR features such as terminal inverted repeats, primer binding sites and 
terminal sequence homology (Shapira etal., 1991) and retrotranspose by a 'nick and 
prime' mechanism similar to other families of non-LTR elements (Hass et al., 1997). 
Also, CR1 elements often contain ORFs which are able to code for proteins (Silva 
and Burch, 1989) and (Vandergon and Reitman, 1994). They have conserved 3' ends 
with a truncated 5' end, with their lengths ranging from 160 to 850 bp. Most CR1s 
are 400 bp or less with only 3-5% close to 800 bp. Only 0.1% are over 2 kb in length 
and have a full length parental element (Hache and Deeley, 1988), (Chen ci' al., 1991) 
- and (Burch et al., 1993). From the phylogeny of chicken CR1 s, they have been 
subdivided into at least six subfamilies, named A-F. It has been estimated that there is 
approximately one CR1 element per 10,000 bp in the chicken genome (Dodgson et 
al., 1997). 
Over time, CR1 repeats have become polymorphic by a loss/gain of DNA 
sequences and have become an important part of chicken genetic maps. A number of 
markers are associated with a CR1 repeat (Cheng et al., 1995) and (Okimoto et al., 
1997). For example, 24 CR1 based markers were placed on the East Lansing map 
using PCR. 
CR1 elements are not only confined to chicken but have been observed in 
other avian species as diverse as emu, cassowary, pelican, stork, condor, quail, crane, 
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owl, magpie, peacock, songbird, duck and turkey (Chen etal., 1991), (Okimoto et al., 
1997), (Shapira et al., 1991) and (Silva and Burch, 1989). 
6.1.4 Distribution and Number of CR! Repeats in the Chicken Genome 
The CR! repeats could be distributed in a uniform or non-uniform manner 
across the genome. Early data suggest the latter, with the highest concentration of 
repeats found in the G+C rich (48%) portion of chicken DNA (Olofsson and 
Bemardi, 1983). The reason for this is not known but may lie in how the CR1 
subfamilies are dispersed. There may, for example, be a clustering of certain types of 
subfamily on the microchromosomes. In addition, how the subfamilies came to be 
distributed would have been governed by their ability to transpose themselves into 
different regions of the genome. 
Hot spots for CR! insertion have been found. For example the chicken - 
globin cluster contains a high number of CR1 repeats, sizes ranging from 38-93 8 bp. 
There appears to be no pattern to their distribution within the -globin cluster as 
they were found both close to and distant from genes and hypersensitive sites 
(Reitman etal., 1993). 
Estimates of the number of CR1 s in the chicken genome vary. Early 
hybridisation data estimates varied between 7,000 and 30,000 (Burch et al., 1993; 
Stumph et al., 1984). From sequence analysis, 100,000 CR1 repeats were predicted 
and it was also estimated that they make up 2% of the chicken genome (Vandergon 
and Reitman, 1994). Little is known about numbers of CR1 repeats in other birds but 
hybndisation studies indicate there may be similar numbers in the duck genome (Li et 
al., 1995). 
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6.1.5 Potential Roles of CR! Repetitive Elements 
Various studies have suggested that some CR1 elements may play a role in 
gene expression. A hypothesis as to how this came about is that the CR1 repeat was 
acquired, then some kind of regulatory role would have evolved. For instance, CR1 
repeats in the region of a gene could indicate a role in the control of gene expression. 
DNA sequence comparisons between sarus crane (Grus anrigone) and emu 
(Dromaius novaehollandiae) CR1 elements have shown two regions, a 
transcriptional silencer and a nuclear protein binding site, to be highly conserved 
(Chen et al., 1991). Such features suggest a functional role. 
CR! repeats can be associated with genes such as the one located in the 5' 
flanking end of the chicken a-skeletal actin gene, asa, with its 3' end closest to the 
start of the gene. It was initially thought to act as a transcriptional silencer but it was 
later shown to have little effect on the asa gene (French etal., 1990). Other examples 
of CR1 associated genes include the avian very low density apolipoprotein II 
(apoVLDII) gene which encodes a small phospholipid binding protein and has a CR! 
repeat in the 5' flanking region which also has three DNAse hypersensitive sites 
(Hache and Deeley, 1988). 
The 5' flanking region of two avidin-related genes Avr4 and Avr5 both have 
CR1 repeats which point towards the genes. Both repeats contain a nuclear protein 
binding consensus sequence and have a 191 bp deletion in a region corresponding to 
the functional silencer regions. These were found within the CR1 elements upstream 
of the chicken lysozyme and apoVLDLII genes (Wallen etal., 1996). 
CR1s have been found in the 3'-flanking region of the chicken vitellogenin 
gene. This gene produces a yolk precursor protein found solely in the liver of laying 
hens. The CR1 element lies 2.2 kb downstream of the gene, pointing away from it in 
a region showing changes in chromatin structure. This indicates a possible role in the 
determination of the structural state of the surrounding chromatin [Schip, 1987 #76]. 
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6.1.6 CR1-Like Elements in Other Species 
The genomes of fish, amphibian and reptilian species such as Turtle 
(Kajikawa et al., 1997), frog and two species of torpedo ray (Burch et al., 1993) 
have non-longterminal-repeat (non-LTR) retrotransposons which display sequence 
similarity with CR1 repeats. This suggests CR1s may have arisen before the 
divergence of birds and reptiles (300-400 Mya). Due to this, they have been named 
CR1-like elements. (Drew and Brindley, 1997) and (Okimoto etal., 1997). 
Non-LTR retrotransposons sequences called the SRi family have been 
isolated from the human blood fluke Schistosoma mansoni. These repeats share 
amino acid and structural similarities with CR1-like elements, placing them in the 
CR1 -like group of retrotransposons. This is the first time this type of repeat has 
been discovered in a non-vertebrate (Drew and Brindley, 1997). It is possible that 
CR1-like elements are not only found in vertebrates and may indicate that the original 
CR1 repeat is older than was previously thought, possibly> 500 million years old. 
6.1.7 Evolution of the CR! Repeat 
Chicken CR1s have been subdivided into at least six subfamilies, named A-F 
and Figure 6.1 outlines how they may have evolved. Within subfamilies B, C, D and 
F highly similar elements were observed, indicating that a distinct progenitor 
spawned each of these subfamilies. In subfamily C a nucleotide divergence of only 5-
8% was observed, suggesting a recent occurrence of retrotransposition. The A and E 
subfamilies could have come from ancestors of these four progenitors or from 
another, distinct progenitor. The ancient nature of CR1 repeats was demonstrated by 
the divergence of the consensus sequences from each of the subfamilies. In each 
subfamily they have truncated 5' ends and a 3' end made up of ~!2 repeats of an 8-
bp sequence (Vandergon and Reitman, 1994). After a repeat has been truncated and 
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Figure 6.1 Model for the evolution of the CR1 family 
The model is based on a 1994 paper by (Vandergon and Reitman, 1994) using 95 
CR1 sequences 
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transposed it has been predicted that it would lose any detectable similarity with 
other CR1 repeats after approximately 40 million years. A portion of the chicken 
genome may therefore comprise of CR1 repeats degenerated as far as to be 
undetectable (Okimoto et al., 1997). 
6.1.8 Analysis of the Distribution and Evolution of the CR! Repeat 
In Chapter 5, it was shown that microchromosomes are more gene dense than 
macrochromosomes and presumably more compact with less 'junk DNA'. It is 
possible that microchromosomes, which should have less 'junk' DNA, may have 
fewer CR1 repeats than the macrochromosomes. To test this hypothesis, a survey of 
the distribution of CR1 repeats across the genome was carried out using gene density 
and genetic mapping data. How the repeats are distributed can also give clues to the 
nature of macrochromosomes and microchromosomes. 
There is evidence to suggest that CR1s are an ancient class of repeat, existing 
prior to the divergence of avians and reptiles. To examine how this repeat has 
evolved, a phylogenetic analysis was carried out on the CR! data from this thesis and 
other studies. CR1 repeats were assigned to subfamilies and the distribution of 
subfamilies was examined with respect to chromosome and chromosome type 
(macrochromosome vs. microchromosomes). 
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6.2 Results 
Database search results from the sequencing of clones from the Compton 
Cross (Chapter 3) and random cosmid clones (Chapter 5), generated a number of 
significant hits against CR1 repeats. Here I have collated the data and analysed their 
number, distribution and evolution. 
6.2.1 Distribution of CR1 Repeats from Sequence Sampling Data 
As Table 6.1 shows, a total of thirty three new CR1 repeats were found in 
the sixteen random cosmids studied. Twenty two mapped to a macrochromosome 
(including two CR1s on the Z chromosome) and eleven mapped to a 
microchromosome. This demonstrates that CR1 repeats are found on all chromosome 
types in the chicken, with more CR1 repeats mapping to a macrochromosome than to 
a microchromosome. 
6.2.2 Number of CR! Repeats on the Macrochromosomes and 
Microchromosomes 
Based on the mapping data (Table 6.2) the number of CR1 repeats in the 
chicken genome has been estimated to be 172,000, with 142,000 on the 
macrochromosomes (1-5, Z chromosome) and 30, 000 on the microchromosomes (6-
38, W chromosome). 
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Table 6.1 CR1 Repeats from the Gene Density Study 
Mic- Microchromosome; Mac-Macrochromosome; Macrochromosomes are defined as 
chromosomes 1-5 and the Z chromosome. Microchromosomes are defined as 
chromosomes 6-8, the remaining chromosomes and the W chromosome; The 
CR1/Seqs column gives the number of CR1 repeat database hits which were found; 
The maximum number of CR1 repeats from contigs is the number of CR1 repeats 
found after alignments have been carried out. For example, for cosmid 28, three CR1 
database matches were found out of 106 sequences analysed. From the alignments, 
two of the CR1 sequences overlapped, therefore the maximum number of CRIs 
found were 2. 
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Cosmid Physical CRlISeqs % of cosmid Maximum Number 
Assignment 	 with a CR1 of CR1 Repeats from 
sequence 	Contigs 
28 2p12-pll 3/106 2.8 1 
35 2q26-q32 3/90 3.3 2 
34 2q32-q35 7/77 9.0 6 
08 3q11 4/52 7.7 3 
30 3q23-q33 6/61 9.8 5 
16 4p13-p12 0/72 0.0 0 
33 4p14-p13 2/66 3.0 1 
27 5q21-q22 2/80 2.5 2 
29 Z 3/54 5.5 2 
01 Mic 0/80 0.0 0 
07 Mic 3/49 6.1 1 
14 Mic 8/46 17.4 6 
20 Mic 2/114 1.8 1 
21 Mic 0172 0.0 0 
31 Mic 0/68 0.0 0 
32 Mic 1/88 1.1 1 
36 Mic 2/64 3.1 2 




Number of CR1 repeats 	Mba 	Estimate number of CR1 	Relative 
from database searches 	 repeats in the genome 	density 
Macrochromosome (5A+Z) 	 22 (131 kb) 	843x lOb 	 142,000 	 2 
Microchromosomes (33A-f-W) 	11(131 kb) 	 357x106 	 30,000 
Total 	 33 	 1200x106 	 172,000 
Table 6.2 Number and Relative Density of CR1 Repeats 
a (Smith and Burt, 1998); CR1 data from sequencing expenments detailed in Chapter 5; A- autosomes 
6.2.3 Density of CR! Repeats on the Macrochromosomes and 
Microchromosomes 
By comparing the macrocbromosome and microchromosome data (Table 6.2), 
a relative CR1 repeat density of 2:1 (95% confidence interval 0.94 4.12), 
microchromosome vs. macrochromosome was calculated. From these data the 
macrochromosomes appear to be more CR1 dense than the microchromosomes. This 
difference in density is a trend, as the confidence interval suggests that this difference 
may not be significant and both chromosome types may have an equal density of 
CR1s. 
6.2.4 Length of CR! Repeats on Macrochromosomes and Microchromosomes - 
The physical position and length of the CR1 repeats found in experiments 
carried out in chapters 3 and 5 are presented in Table 6.3. Out of a total of 39 CR1 
repeats, 28 were found to map to a macrochromosome and 11 to a microchromosome. 
Overall, the average length of the CR1 repeats was 150 bp. The average length on the 
macrochromosomes 159 bp and the average length on the microchromosomes was 
124 bp. A plot of CR1 repeat length against linkage group size (Figure 6.2) was 
carried out and shows the lengths of microchromosomal CRIs tend to be shorter than 
the lengThs of macrochromosomal CR is, with the majority below 150 bp in length. 
On the macrochromosomes, the length of CR1 Is is evenly spread, with more repeats 
of 150 bp or above observed. This observation could be real or due to fewer CR1 
database hits being found on the microcbromosome cosmids sampled. To determine if 
this trend of difference in CR1 lengths between macrochromosomes and 
microchromosomes was significant, a t-test was carried out. A t value of 0.138 
suggests that the differences in the lengths of CR1s between the two chromosome 
types is not significant. A larger data set would be required to see if lengths of 
repeats on the two chromosome types is different or not. 
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Table 6.3 Length, Map Position and Predicted Subfamily Assignments of 
CR1 Elements 
UN- Unknown subfamily; Total Number of Repeats: 39; Macrochromosome 28, 
Microchromosome 11; Average length of CR1 repeats: 150 bp; Average length of 
CR1 on Macrochromosomes: 159 bp; Average length of CR1 on Microchromosomes: 
124 bp 
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Clone Name 	Physical 	Length of 	Predicted CR1 Sub Family 
assignment 	Repeat (bp) 	Assignment 
T5124T7 1 163 C 
T2/82T3 2 208 LN 
T12/108T7 2 73 t.N 
028-C42-T3 2p1 1-p12 73 F 
035-004 2q26-q32 70 D 
035-CR1-01 2q26-q32 207 D 
034-C16-T3 2q32-q35 201 F 
034-C1 9-17 2q32-q35 135 F 
034-C67-17 2q32-q35 209 F 
034-CRI-01 2q32-q35 193 LN 
034-CR1-04 2q32-q35 331 E 
034-CR1-05 2q32-q35 227 F 
034-C21-T3 2q32-q35 114 E 
008-C17-T7 3q11 216 B 
008-CRI-01 3q11 146 B 
008-CRI-02 3q11 203 F 
030-CRI-01 3q23-q33 209 F 
030-CR1-02 3q23-q33 182 F 
030-0O2-T7 3q23-q33 123 E 
030-C20-T3 3q23-q33 78 F 
030-C21-T3 3q23-q33 78 E 
030-C39-T3 3q23-q33 127 B 
T2170AB17 4 249 F 
033-C13-T7 4p14 68 F 
037-C18-T7 5 170 E 
continued 
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Table 6.3 continued 






027-006-T3 5q21-q22 161 IN 
029-C31-T7 Z 138 F 
029-C32-T3 Z 138 F 
007-CRI-01 Mic 198 IN 
014-008-17 Mic 99 F 
014-0O2-T3 Mic 123 IN 
014-C14-T7 Mic 83 F 
014-C28-T7 Mic 73 IN 
014-C29-17 Mic 98 F 
014-C32-T7 Mic 137 D 
036-C45-T7 Mic 280 IN 
036-C30-T3T7 Mic 52 F 
020-CRI-01 Mic 148 F 
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Figure 6.2 Length of CR1 Repeats vs. Linkage Group Size 
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6.2.5 Assignment and Distribution of CR! Sub-Families on 
Macrochromosomes and Microchromosomes 
6.2.5.1 Subfamily assignment by CLUSTALW Alignments 
To predict which sub-families the new CR! sequences belonged to, 
alignments with the CLUSTALW program (Thompson et al., 1994), were carried 
out. For this, 52 CR1 sequences of 150 bp or more with known subfamilies 
(Vandergon and Reitman, 1994) were aligned with 39 new CR1 repetitive sequences 
of a similar length, and unknown subfamilies from this study. As Table 6.3 shows, it 
was possible to predict subfamilies for 30 new CR1 sequences. Out of these, 18 were 
found to belong to subfamily F, which is also one of the most ancient and was found - 
on both chromosome types. As this was the largest subfamily group in the 52 
sequences of known subfamilies, this is not surprising. An alignment with a new CR1 
sequence (T52/4T7) and subfamily C sequences was also assigned. Fewer members 
of Subfamily C are expected to be found as it is a product of a recent transposition 
(Vandergon and Reitman, 1994). Other alignments suggest predicted assignments to 
CR1 subfamilies B, D and E. Several sequences, referred to as unknown (UN) in table 
6.3, did not show any similarity to any of the subfamily sequences or to each other 
and may represent new subfamilies. 
Table 6.3 has evidence of clustering of CR! elements in certain regions of the 
genome by the number of CR1 s found on each cosmid. For example, four out of the 
six CR1s found on cosmid 34 belong to subfamily F. Possible clustering of subfamily 
B is observed on cosmid 08. Cosmid 30 showed the greatest number of different 
subfamilies (3 F, 2 E and 1 B). 
These results do show, however, that all CR1 subfamilies appeared to be 
distributed across the macrochromosomes and microchromosomes with a possible 
bias of subfamilies towards chromosome type. 
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6.2.5.2 Subfamily Assignment by Phylogenetic Tree Studies 
Phylogenetic trees were constructed to confirm subfamily predictions made 
by the CLUSTALW alignments and the results are presented in Table 6.4. Seven 
sequences (described as UN in table 6.3) did not align with subfamilies A-F and were 
therefore assigned to new subfamilies, G-N. Four of the new subfamilies were found 
on the microchromosomes and three on the macrocbromosomes. 
The eight new subfamilies may be ancient CR! repeats which share 
characteristics with CR1 -like elements. To fmd any similarities, alignments and tree 
analysis were carried out with subfamilies G-N and CR1-like elements from Frog, 
Lizard, Snake, Ray and Turtle. The results showed subfamily G was related to the 
lizard CR1-like repeats and subfamily I to the ray CR1-like element. The other 
subfamilies showed little similarities to these repeats. 
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Table 6.4 Assignment of Subfamilies to New CR1 Repetitive Sequences 
from Phylogenetic Tree Studies 
Mic-Microchromosome• New subfamilies, G-N, were assigned to seven new CRI 
sequences. 
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Clone Name 	Physical assignment 	Subfamily assignment from 
phylogenetic trees 
T5/24T3 I C 
T2/82T3 2 G 
T12/108T7 2p11-p12 L 
035-CRI-01 2q26-q32 D 
034-C16-T3 2q32-q35 F 
034-C1 9-17 2q32-q35 F 
034-C67-T7 2q32-q35 F 
034-CRI-01 2q32-q35 H 
034-CRI-04 2q32-q35 E 
034-CR I -05 2q32-q35 F 
008-C17-17 3q11 B 
008-CRI-02 3q11 F 
030-CR1-01 3q23-q33 F 
030-CRI-02 3q23-q33 F 
T2-70/ABT7 4 F 
037-Cl 8-17 5 E 
027-006-T3 5q2 I -q22 K 
014-008-17 Mic F 
014-0O2-T3 Mic M 
014-C28-T7 Mc N 
036-C45-17 Mic 
007-CR1-01 Mic j 
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6.3 Discussion 
The results from Chapter 3 on the distribution of CR1 repeats was 
inconclusive as only four repeats were found and the sample was too small to be 
significant. A larger data set has allowed the distribution of these repeats to be 
investigated more fully and has found CR1 elements throughout the chicken genome, 
with more being found on the macrochromosomes than on the microchromosomes. 
Clustering of some CR1 s was observed and this could be due to a lateral spread of the 
repeats. 
6.3.1 Density of CR1 Repeats (Macrochromosomes vs. Microchromosomes) 
The relative density of the CR1 repeats may not be significant. Therefore a 
larger data set is required. The 2:1 density (macrochromosomes vs. 
microchromosomes) of the CR1s is interesting as the macrochromosomes are twice as 
CR1 dense as the microchromosomes but with gene density, the opposite is observed 
(Chapter 5). From size alone, 70% of the CR1 s would be expected to map to a 
macrochromosome but genetic linkage data shows that 78% of CR1s are located on 
macrochromosomes 1-5. 
6.3.2 Number of CR! Repeats in the Chicken Genome 
Based on the sequencing data, the number of CR1 repeats was calculated as 
172,000. This is close to the estimate of 100,000 CR1 s per haploid genome made 
using nonredundant chicken GenBank DNA files longer of than 10,000 bp. Fewer 
CR1s (11) were used in these calculations, therefore this could be an underestimate of 
the true numbers of CR1s (Vandergon and Reitman, 1994). 
The estimates of the number of CR1s using hybridisation data are therefore 
under representations of the true numbers of CR1s (Burch et al., 1993; Stumph et al., 
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1984). As there are likely to be a number of different CR1 progenitor elements, a 
single probe would not detect all CR1 subfamilies. In addition, older, more divergent 
CR1 s have undergone mutations, becoming undetectable by hybridisation but still 
recognisable by sequence analysis. 
6.3.3 Macrochromosomes, Microchromosomes, CR1 elements and Junk DNA 
The distribution, density and number of CR1 elements all suggest that there 
are more of these repeats on the macrochromosomes than on the microchromosomes. 
These observations could be evidence of the CR1 elements being able to insert 
themselves into the macrochromosomes more easily because there is more room, in 
the form ofjunk DNA, for them to do so. The microchromosomes, being more gene 
dense would have less junk DNA and therefore less room for the CR1 s. In addition, 
is there more selective pressure on the microchromosomes to reduce in size? 
6.3.4 Distribution of CR! Repeat Subfamilies 
CR1 subfamilies arose at different times in evolution and their distribution 
could provide clues as to how and when the macrochromosomes and 
microchromosomes evolved. Out of the 39 CR1s isolated, the F subfamily was the 
most common on both chromosome types. The microchromosomes analysed have 
older CR1s (subfamilies D, E and F) whereas the macrochromosomes have a mix of 
newer subfamilies (BC) and older CR1 s. Both chromosome types have the new 
subfamilies, G-N. If macrochromosomes are the result of the fusion of 
microchromosomes, then microchromosomes existed before macrochromosomes and 
would have older CR1 elements. Alternatively, if microchromosomes arose from the 
fission of macrochromosomes then they would have had the older CR1s. As 
macrochromosomes still had more room on them, new CR1s could transpose 
themselves. On the microchromosomes there would be pressure to lose non-essential 
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DNA. There would be less room for new CR! repeats to transpose into. Mapping 
and analysing more CR1 s would help elucidate which hypothesis is true. 
It has been suggested that more than six CR1 subfamilies exist (Vandergon 
and Reitman, 1994). New subfaniilies have been isolated during this study and there 
is the possibility that subfamilies G-N are older than subfamilies A-F. The G-N 
subfamilies will have undergone more deletions and lost the ability to transpose 
themselves. As they would have altered so much over time they would be difficult to 
recognise by hybridisation methods and would have only been isolated now through 
sequencing. If these are ancient CR! repeats, when did they first appear? Subfamilies 
G and I share similarities with lizard and ray CR1-like elements, respectively. This 
suggests that these repeats existed before birds diverged from other vertebrates. 
After birds diverged from other vertebrates these repeats would have experiences a - - - 
gain/loss of DNA. 
6.4 Conclusion 
There appears to be a two-fold difference in CR1 repeat density when 
comparing macrochromosomes with microchromosomes. This, along with the number 
and distribution of the repeat, go some way to support the hypothesis that if 
microchromosomes are gene dense or more compact (i.e. less junk DNA), then they 
will have fewer repeats. Leading on from this data the question of why genome size is 
constrained and what mechanisms control it can be asked. 
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Chapter 7 
Comparative Mapping in the Chicken Genome 
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7.1 Introduction 
Chickens are "known' to have diverged from mammals approximately 300-
350 Mya (Hedges, 1994); (Nanda et al., 1999). Despite this lengthy period of 
divergence, conservation of genes (coding and non-coding regulatory sequences), 
conserved syntenic groups and conserved gene order have been identified between 
chicken and other vertebrate species. 
7.1.1 Conservation of Genes and Synteny 
Conservation of genes has been observed a number of times in this study 
while searching for gene homologies via database searches. For example the chicken 57  - 
HTID  receptor gene was identified in Chicken, Human, Mouse and Fugu (see Chapter 
5). A second example is the TGF-f3 P11 gene, which is an example of the 3' UTR of a 
gene that is highly conserved (see Chapter 3) (Duret et al., 1993). 
An example of conservation of synteny between chicken and other species 
shown in Chapter 5. The genes PTAFR and 5-HTJD were found on the same cosmid 
and are therefore syntenic. Chapter 1, Table 1.5 outlines other chicken genes TCPJ, 
IGF2R, VIP, ESR, MYB, PLN and FYN, which all show conservation of synteny. 
7.1.2 Conservation of Gene Order 
Genetic segments can be conserved throughout evolution and can be used to 
identify candidates for disease genes and facilitate mapping in other species. (Eppig, 
1996). Detailed maps and sequence information is available for human and mouse, 
making it easy to identify homologs between these and other, less detailed genome 
maps such as those for the chicken. This chapter discusses the order of three genes, 
tyrosine hydroxylase (TB), insulin (INS) and insulin-like growth factor-Il (IGF2), 
and their conservation in mammals and chicken. 
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7.1.3 Tyrosine Hydroxylase and Phenylaline Hydroxylase 
Tyrosine hydroxylase regulates catecholaminergic neuronal activity by acting 
as the rate limiting step in catecholamine synthesis (Tillet et al., 1997). It is 
biochemically induced by environmental stress and drugs and is expressed in all 
catecholamine-synthesising neurons in the CNS of vertebrates (Xue et al., 1988) and 
(Boularand et al., 1998). TH has been cloned in chicken (Carrier et al., 1993), quail 
(Fauquet et al., 1988), human (Grima et al., 1987), rat (Grima et al., 1985), mouse 
(Brilliant etal., 1987) and eel (Boularand etal., 1998). 
The disease Phenylketonuria (PKU) is the most common inborn error of 
amino acid metabolism among Caucasians, an incidence of 1 in 10,000 in the UK. 
Phenyaline is an amino acid that is essential for growth in infants and nitrogen 
equilibrium in adults (Start, 1998). PKU is caused by a phenylaline hydroxylase 
(PAH) deficiency which lowers the enzymatic conversion of dietary phenylaline to 
tyrosine, leading to hyperphenylalaninaemia (Guldberg et al., 1998; Start, 1998; 
Tyfleld, 1997). There have been more than 300 different mutations of the human 
PAH gene which is located on chromosome 12 band region q22-q24, and contains 13 
exons spanning 90 kb of DNA (Tyfleld, 1997). 
TH and PAH belong to a family of aromatic amino acid hydroxylases which 
also includes tryptophan hydroxylase (TPH). All three share a degree of sequence 
homology, biochemical and immunological properties and similar functional 
characteristics (Ledley et al., 1985). A comparative analysis of TH, PAH and TPH 
sequences, regulation mechanism and tissue distributions, suggest that the 
duplications of the common ancestor of these three genes occurred before the 
emergence of arthropods (Fauquet etal., 1988) and [Boularand, 1998 #195 
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7.1.4 Insulin, Insulin-Like Growth Factor I and Insulin-Like Growth Factor II 
The insulin related gene family is involved in growth, development and 
metabolism. It compromises of iNS, insulin-like growth factor-I (IGF1), IGF2, relaxin 
and several invertebrate insulin-related peptides. (McRory and Sherwood, 1997). The 
growth factors IGFJ and IGF2 share approximately 70% amino acid identity and 
with proinsulin they share a 50% amino acid identity (Rotwein, 1991). Studies on 
their evolution has indicated that insulin and the insulin-like growth factors only 
became distinct molecules after vertebrates arose (McRory and Sherwood, 1997). 
7.1.5 Insulin 
Insulin is a polypeptide hormone that increases the rate of glycogen, fatty 
acids and protein synthesis and stimulates glycolysis. Secreted in the beta cells of the 
pancreas, it promotes the entry of glucose, some other sugars and amino acids into 
muscle and fat cells, which lowers blood glucose levels. Precursors of the active 
hormone are preproinsulin and proinsulin. 
Genes which are homologous but differ in structure can give information 
about how they evolved. For example, mammals and birds have a single insulin gene 
whereas rodents and three fish species (tuna, bonito and toadfish) have two (Perier et 
al., 1980) and (Davies et al., 1994). Comparison of the organisation of this gene in 
chicken and rat has shown that the single chicken gene and one of the rat insulin genes 
(Ins-2) have a common structure of two introns. The second rat insulin gene has a 
single intron, suggesting that the ancestral insulin gene had two exons. This second rat 
gene may have evolved by gene duplication and then lost of one of the introns from 
one copy of the gene (Perier et al., 1980) and (Soares et al., 1985). 
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7.1.6 Insulin Like Growth Factor I 
Insulin Like Growth Factor I plays a role maintaining and promoting 
postnatal growth and mediating most of the actions of growth hormone. Synthesised 
in the liver, as well as other tissues, it can also function as a locally regulated 
autocrine or paracrine growth stimulator (Kajimoto and Rotwein, 1991), (Kallincos et 
al., 1990), (Taylor etal., 1991) and (Upton etal., 1995). 
The organisation of the IGFJ gene in mammals is complex. The single-copy 
gene is transcribed and processed into multiple mRNAs which encode at least two 
peptide precursors. The organisation of the chicken IGF1 gene is simpler and more 
compact compared to its mammalian homologs. Comparative analyses of this gene in 
chicken and mammals has defmed features of IGFJ common to vertebrates. The-
chicken gene has four exons spread over 50 kb of chromosomal DNA and maps to 
chromosome 1p14-pl3. These are transcribed and processed into two mRNAs of 1.9 
and 2.6 kb in size (Kajimoto and Rotwein, 1991). 
7.1.7 Insulin-Like Growth Factor II 
Insulin-Like Growth Factor II is a polypeptide that is involved in tissue 
differentiation and the regulation of embryonic growth and development. It has 
structural similarity with insulin-like growth factor I and insulin. It is synthesised by 
a number of different cell types, with transcripts most abundant in foetal tissue and 
expression levels falling postnatally. Mammalian IGF2 genes have complex 
transcription patterns with multiple tissue-specific promoters and polyadenylation 
sites that give rise to a range of different IGF2 mRNAs (Boulle et al., 1993), 
(Kallincos etal., 1990), (Darling and Brickell, 1996) and (Upton etal., 1995). 
The chicken IGF2 cDNA has been characterised and has three coding exons 
and is interrupted by introns at similar positions to those found in the human and rat 
genes (Darling and Brickell, 1996). 
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7.1.8 Imprinted Genes 
In the mammalian genome, certain autosomal genes are inherited from one 
parent in a silent state and in an active form from the other parent. This is known as 
imprinting and it has a role in development. Loss of imprinting results in a number of 
cancers such as Wilms tumour, and diseases such as the Prader-Willi and Angelman 
syndromes. Imprinted genes tend to cluster together, an example of which is the gene 
clusters on mouse chromosome 7 and human chromosome lipl5.5. This -1.5 
megabase region contains the maternally expressed p57' 2, KyLQTJ, and Mash2 
genes at one end, the paternally expressed INS/Ins-2 and JGF2 genes in the centre, 
with the maternally expressed H19 genes approximately 90 kb downstream 
(Bartolomei and Tilghman, 1997) and (Lalande, 1997). 
It is not known if IGF2 and INS are imprinted in chicken. There are no known 
examples of imprinting in birds but there is no evidence against it. Human and mouse 
species diverged some 70 million years ago, suggesting that the mechanism of 
imprinting arose before this time (Marshall Graves, 1998). If these genes are 
imprinted in the birds, which diverged from vertebrates some 300-350 Mya, this 
would suggest that imprinting may have evolved more than 70 Mya. As imprinted 
genes are found in clusters, the fact that these two genes are close together in chicken 
could suggest that some conservation of the imprinting mechanism may have 
occurred. 
7.1.9 Conservation of TH-LNS-IGF2 Gene Order 
In humans, TH, INS and IGF2 are contiguous and map to chromosome 
liplS.5, forming the linkage group 5' TH-INS-IGF2 3'. They have the same 
transcriptional polarity with 2.7 kb separating the TN and INS genes and 1.4 kb 
separating the INS and IGF2 genes (O'Malley and Rotwein, 1988). Similar 
conservation is observed in mouse with Th, Ins 2 and IgJ2 (Brilliant et al., 1987) and 
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(Rotwein, 1991). This conservation of TH-INS-IGF2 could be by chance, or may 
have some selective advantage e.g. imprinting. 
In the chicken these three genes have been mapped both genetically and 
physically to chromosome 5 and are therefore linked but their order and how close 
they are to each other is unknown. 
7.1.10 Evolution of the TH-INS-IGF2 and PAH-IGF1 Paralogous Segments 
The study of gene families gives the opportunity to examine the evolution of 
paralogous segments. A paralogous region, PAH and IGFJ is found on human 
chromosome 12 (O'Malley and Rotwein, 1988). The genes INS and IGF2 may be 
products of tandem duplication. The genes THand PAH regions are paralogous and 
may have arisen by chromosome/genome duplication. To find out what has occurred 
in the evolution of these genes, divergent groups such as fish, birds and mammals, 
need to be examined. 
In the telost fish species Barramundi, the genes TH and IGF2 are adjacent, but 
INS is not. It has been proposed that the INS gene between TH and IGF2 may have 
been silenced in bony fish, and an active INS gene may lie on a paralogous 
chromosome segment between the genes PAH and IGFJ (Collet etal., 1998). 
How these genes may have evolved, as suggested by work carried out prior to 
this study, is described in Figure 7.1 (Collet et al., 1998). This figure shows a 
vertebrate ancestor with two insulin genes organised as, TH-INS-IGF2 and PA H-INS-
IGFJ. As species diverged, silencing of one of the INS genes has occurred. In the 
reptilian ancestor the insulin gene between PAH and IGFJ was silenced. This was 
maintained through the divergence of reptile/bird and mammals. The reverse occurred 
in bony fish, with silencing of the insulin gene between TN and IGF2. In bony fish, 






Reptilian 	 fish  
TH-INS-IGF2 	TH-LN6-!GF2 	 300 
PAH-Ib.'&-!GF1 PAH-!NS-IGFI 






PAH-1-!GFI PAH-DJ'-IGF1 ?PAH-INS-!GFI. 
Figure 7.1 Model of the Evolution of the Genes Tyrosine Hydroxylase, 
Insulin and Insulin Like Growth Factor II 
..JN-silenced insulin gene; (Collet etal., 1998); A vertebrate ancestor had two insulin 
genes and as species diverged one of the INS genes was silenced. 
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7.2 Results 
7.2.1 Study of Conserved Linkage and Gene Order 
To study the conservation of linkage and gene order between TH, INS and 
IGF2, cosmids containing the genes encoding tyrosine hydroxylase, insulin and 
insulin like growth factor II, were isolated and sequence sampled. Five cosmids, three 
IGF2, one INS, one TH, were isolated and digested with the restriction enzymes 
Hindlil, BamHI and PstI (Figure 7.2) to fmd overlaps between the clones. Two of the 
three IGF2 cosmids showed a great deal of overlap, as did the TH and INS cosmids. 
Based on the digest results, an IGF2 clone (cosmid 40) and the INS cosmid (cosmid 
41) were analysed. A total of 24,465 kb of unique DNA sequence was produced for 
the IGF2 containing cosmid 40 and 27,596 kb of unique DNA sequence for TH/INS 
containing cosmid 41. 
7.2.2 Gene Homologies 
Database search results from cosmid 40 gave significant hits to the chicken 
IGF2 gene, with matches to the three coding exons. Figure 7.3 and 7.4 show the 
BLASTN and BLASTX alignments with exon two of IGF2. Results from cosmid 41 
database searches produced significant hits to both the chicken insulin gene (matches 
to exons 1 and 2). Figure 7.5 is the BLASTN alignment to exon one and figure 7.6 the 
BLASTX alignment to the chicken, turkey and ostrich genes. Alignments to the quail 
tyrosine hydroxylase gene are shown in Figures 7.7 (BLASTN) and 7.8 (BLASTX). 
A match to chicken tyrosine hydroxylase gene was not found as only the 5' end and 
the first exon of this gene has been characterised (Carrier et al., 1993). 
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Figure 7.2 HindIll and BamHI Digests of INS, TH and IGF2 Cosmids 
Lane: 1-5 HindlIl digests, 6-10 BamHI, 11 Marker X (Boehringer Mannheim); Cosmids 





Sequences producing High-scoring Segment Pairs: 	 Score P(N) N 
EM_OV:S82962 ! S82962 prepro-insulin-like growth factor-I ... 449 6.3e-56 2 
EM_OV:ZFJ3165 ! Aj223165 Zebra finch insulin-like growth ... 369 4.6e-39 2 
EM_OM:SSIGF2 ! X56094 S.scrofa mRNA IGF2 for insulin-like ... 224 2.7e-08 1 
E[LOM:CJIGF2PRT I Aj001297 Callithrix jacchus mPNP fragme ... 215 7.9e-08 1 
EivI_HU1:HSGFI23 ! M14117 Human insulin-like growth factor . . .210 1.5e-07 1 
EM_HtJ1:HSIGFII4 ! X03426 Human IGF-II gene exon 4 for ins ... 210 1.8e-07 1 
EM_RO:1MGFII ! M14951 Mouse insulin-like growth factor II ... 210 4.1e-07 1 
EM_OV:S82962 S82962 prepro-insulin-like growth factor-Il [chickens, 
Genoniic,1513 nt, segment 2 of 2]. 2/97 
Length = 1513 
Minus Strand HSPs: 
Score = 449 	(124.1 bits), Expect = 6.3e-56, Sum P(2) = 6.3e-56 
Identities =91/93 (97%), -Positives = 91/93 (97%), Strand = Minus/ Pius - 
Query: 176 GGTAGACCAGTGGGCGAAATAACAGGAGGATCAACCGTGGCATI'GTGGAGGAGTGCTGC 117 
liii 	I 1111111111111111111111 	I 11111111111 	III 	I I 	I I 	111111 	I 111111 
Sbj ct: 	8 GGTAGACCAGTGGGACGAAATAACAGGAGGAAACCGTGGCATI3GAGGGCTGC 67 
Query: 116 PTCGGAGCTGPCCTGGCTCTGC3GAAACC 84 
III 	I 	1111111111 
Sbjct: 	68 TTTCGGAGCTGTGACCTGGCTCTGCTVGAAACC 100 
Score = 369 	(102.0 bits), Expect = 6.3e-56, Sum P(2) = 6.3e-56 
Identities = 75/77 (97%), Positives = 75/77 (97%), Strand = Minus I Plus 
Query: 	77 GTGCCAAGTCCGTCAAGTCAG.AGCGACCTCTCCGCCACCTCCCTCCCGGGCCTCCCAG 
I 	111111 I 	I 111111111111111111111111111111111111111111111111111 
18 
Sbj ct: 105 G1CCAAGTCCGTCAGAGAGCGTGACCTCTCCGCCACCTCCCTCGCGGGCCTCCCAG 164 
Query: 	17 CCCTCAAC?AGGTAGGG 1 
I 	111111 	I I 11111111 
Sbjct: 	165 CCCTCAACAAGGTAGGG 181 




Reading High Probability 
Sequences producing High-scoring Segment Pairs: 	Frame Score P(N) 	N 
TREMBL:P79890 ! P79890 PREPRO-INSULIN-LIKE GROWTH FA. .-1 164 8.0e-16 1 
TREMBL:057687 I 057687 IGF-II PRECURSOR. 6/98 -1 160 3.0e-15 1 
SWISSPROT:IGF2._MUSVI ! P41694 mustela vison (america..-1139 1.0e-12 1 
SWISSPROT:IGF2_HORSE ! P51459 equus caballus (horse)..-1 118 3.4e-10 1 
TREMBL:P78449 1 P78449 INSULIN-LIKE GROWTH FACTOR II. .-1 118 3.0e-09 1 
TREMBL:Q91443 ! Q91443 INSULIN-LIKE GROWTH FACTOR II. .-1 120 6.0e-09 1 
SWISSNEW:IGF2_HUMN ! P01344 INSULIN-LIKE GROWTH FAC. . -1 118 1.5e-08 1 
SWISSPROT:IGF2_HUMAN ! P01344 homo sapiens (human). ..-1 118 1.5e-08 1 
SWISSNEW:IGF2_HORSE I P51459 INSULIN-LIKE GROWTH FAC. .-1 118 1.5e-08 1 
SWISSPROT:IGF2_PIG ! P23695 sus scrofa (pig). insuli. .-1 118 1.5e-08 1 
TREMBL:Q14299 ! Q14299 PREPROINSULIN-LIKE GROWTH FAC. .-1 118 1.5e-08 1 
TREMBL:042429 ! 042429 INSULIN-LIKE GROWTH FACTOR II.. -1 110 5.5e-07 1 
SWISSPROT:IGF2_CAVP0 ! Q08279 cavia porcellus (guine. .-1 105 2.1e-06 1 
TREMBL:Q63265 ! Q63265 RAT INSULIN-LIKE GROWTH FACTO. .-1 105 2.8e-06 1 
SWISSPROT:IGF2_BOVIN ! P07456 bos taurus (bovine). i..-1 105 2.8e-06 1 
SWISSPROT:IGF2_SHEEP ! P10764 ovis aries (sheep). in..-1 105 3.3e-06 1 
SWISSPROT:IGF2_MOUSE ! P09535 mus musculus (mouse). ..-1 105 3.3e-06 1 
SWISSPROT:IGF2_RAT 1 P01346 rattus norvegicus (rat)...-1 105 3.3e-06 1 
TREMBL_NEW:G2769668 I G2769668 INSULIN-LIKE GROWTH F. .-1 105 3.3e-06 1 
TRE!4BL_NEW:G3158363 ! G3158363 INSULIN-LIKE GROWTH F. .-1 105 3.8e-06- 1 
TREMBL:P79890 P79890 PREPRO-INSULIN-LIKE GROWTH FACTOR-Il. 6/98 
Length = 187 
Minus Strand HSPs: 
Score = 164 (75.4 bits), Expect = 8.0e-16, P = 8.0e-16 
Identities = 32/43 (74%), Positives = 33/43 (76%), Frame = -1 
Query: 173 RpVGRNNRRINRGIvEECCFRSCDLALLETYCAKSVKSERDLS 45 
RPVGRNNRRINRGIVEECCFRSCDLALLETYCAKSVKSERDLS 
Sbj ct: 	53 RPVGR RRNRGWECCFRSCDLALLECXSVKSERDLS 95 
Score = 104 (47.8 bits), Expect = 5.9e-06, P = 5.9e-06 
Identities = 22/23 (95%), Positives = 23/23 (100%), Frame = -3 
Query: 	75 AKSVKSERDLSATSLAGLPALNK 7 
KSVKSERDLSATSLAGLPALNK 
Sbjct: 	85 AKSVKSERDLSATSLAGLPALNK 107 





Sequences producing High-scoring Segment Pairs 
	 Score P(N) 	N 
EM_OV:GGINS1 ! V00416 Part of the chicken insulin gene (e. .2232 3.3e-180 
EM_OV:GGJINS1 ! J00872 Chicken preproinsulin gene, from 5. .2232 3.3e-180 
EMOV:GGINSMRN1 ! X58993 G.gallus mRNP for preproinsulin. . .1025 9.7e-80 
EM_OV:S66611 ! S66611 preproinsulin [Selaphorus rufus=hum ...722 1.9e-52 
EM_RO:NMINSIIG ! X04724 Mouse preproinsulin gene II. 4/93 531 7.4e-34 
EM_RO:RNINS21 ! M25583 Rat insulin 2 gene, exons 1 (parti.. .521 1.9e-33 
EM_RO:RNINS2 V01243 Rat gene for insulin 2. 4/93 521 4.5e-33 
EM_RO:RNINSII ! J00748 Rat insulin II gene (ins-2) with t ... 521 5.3e-33 
EMOM:CLmSU ! V00179 Dog gene encoding insulin. 3/91 508 5.8e-32 
EM_OM:OANIGFII1 ! U00659 Ovis aries insulin gene, coilet ... 499 3.8e-31 
EM_RO:MMINSIG ! X04725 Mouse preproinsulin gene I. 9/93 483 7.8e-30 













EM_OV:GGINS1 V00416 Part of the chicken insulin gene (exon 1). 10/96 
Length = 497 
Plus Strand HSP5: 
Score = 2232 (616.7 bits), Expect = 3.3e-180, P = 3.3e-180 
Identities = 448/450 (99%), Positives = 448/450 (99%), Strand =Plus / Plus 
Query: 1 CTGATGAATAAAATATTCCTTTCcTcTTcAGAAGGTCCATTTGCTTCTGTAGTCTTGTTT 60 
111111 	111111111 	III 	I 	I 111111111111111111111 	I 11111 	I 1111111111 
Sbj ct: 41 CAmAATAAAATATrCCT CCTCTrCAGAAGGTCCATICTrCTGTAGTCTrG1Tr 100 
Query: 61 TCACGTCAAAGGAGCTGAGGG1CATAAGATGCCTG-kTGATAGCTrATI'CCTCCCTrGCAk 120 
II 	liii 	11111111111 	III 	1111111111 	liii 	1111111 
Sbj ct: 101 TCACGTCAAAGGAGCTGAGGGACATAAGATGCCTGATGATAGCrfTATTCCTCCCTqGCAA 160 
Query: 121 CCCCCCCGTGTCTCC'ITl'GCTrCCTACCTCTAGGCCTCCCCCAGCTCATCATGGCTCTCT 180 
Sbj ct: 
11111111111 	I 1111 	I 	11111 	I 	IIIIII1IIIIIIIIIIIIIIIIIIIIIIIIIIII 	I 
	
161 CCCCCCCGTCTCCT CPCCTACCTCTAGGCCTCCCCCAGCTCATCAGCTCTCT 220 
Query: 181 GGTCCG 	ACTGCCTCT 	GCTCTCCT 	11T1C3GCCCTGGAACCAGCTA3 240 
Sbj ct: 
tIll 	1111111 	1111111111 	I 1111 	I 	111111 	I 	111111111 
221 GGATCCGATCACT(CCTCTTCTGGCTCTCCPTGTCTTPI'CTGGCCCTGGAACCAGCTATG 280 
Query: 241 CAGCCCAACCAGCACCTC 	GCTCCCACTGTGGGGCTCTCTACCGTG3TG 300 
Sbj ct: 
111111111111111111 	I 111111111111111111111111 	I 
281 CAGCCCAACCAGCACC GGCTCCCACTGTGGAGGCTCTCTACCTGGTGTG 340 
Query: 301 GAGAGCGTGGCT TCTACTCCCCCAAAGCCCGCGGGTGG1.GCAGCCCCTAGGTA 
I 	I 11111 	11111111111111111 	I I 111111111 	tIll 	111111111111111111 
360 
Sbj ct: 341 GAGAGCGTGGCTCTCTACTCCCCCAA1GCCCGACGGGATGTCGGCAGCCCCTAGGTA 400 
Query: 361 AGTCAGTPIACCATGACTACATrCATATGCTATATGATGCAAAAAGCAACTGTCTATCT 
III 	I 11111111 	I 1111111111111111111 	I 111111111111111111111111111 
420 
Sbj c t : 401 AGTCAG=IGACCATGACTACATTCATATGCTATATGATGCAAAAAGCAACTGTCTATCT 460 
Query: 421 TTGATGGTGACACAAGGAATGTCCTTGGTG 450 
I 	11111111 	I 1111111 	II 
Sbj Ct: 
11111111111 
461 TGA3GTGACACAkGGAATGTCCTI'GGTG 490 




Reading High Probability 


















SWISSPROT: INS 1_MOUSE 
SWISSPROT: INS_RABIT 
SWISSNLW: INS_LOPPI 
P01332 gallus gallus (chicken) . . +3 
P51463 selasphorus rufus (humm. . +3 
P01318 ovis aries (sheep). ins. . +3 
P30406 inacaca fascicularis (cr. . +3 
P01321 canis fainiliaris (dog) .. . +3 
P30407 cercopithecus aethiops . . +3 
P01308 INSULIN PRECURSOR. 11/98 +3 
P01308 homo sapiens (human). i..+3 
P01313 cricetulus longicaudatu. . +3 
Q62587 psainmomys obesus. insul. . +3 
P01323 rattus norvegicus (rat) .. .+3 
P01322 rattus norvegicus (rat) .. . +3 
P3 0410 pan troglodytes (chimpa. . +3 
P01317 bos taurus (bovine), in. .+3 
P10604 aotus trivirgatus (nigh. . +3 
P01326 mus musculus (mouse). . . +3 
P21563 rodentia sp. insulin pr. .+3 
P01325 mus musculus (mouse). . .+3 
P01311 oryctolagus cuniculus (..+3 





















SWISSPROT:INS_CHICK P01332 gallus gallus (chicken), meleagris gallopavo 
(common turkey), and stn.ithio camelus (ostrich), insulin precursor. 10/96 
Length = 107 
Plus Strand HSPs: 
Score = 327 (150.4 bits), Expect = 7.0e-40, P = 7.0e-40 
Identities = 63/65 (96%), Positives = 63/65 (96%), Frame = +3 
Query: 171 MALWIRSLPLLALLVFSGPGTSYAAANQHLCGSHLVEPaLYLVCGERGFFYSPKARRDVEQ 350 
MALWIRSLPLLALLVFSGPGTSYAAANQHLCGSHLVEALYLVCGERGFFYSPKARRDVEQ 
Sbj Ct: 1 MALWIRSLPLLALLVFSGPGTSYAAANQHLCGSFILVEALYLVCGERGFFYSPKARRDVEQ 60 
Query: 351 PLVSS 365 
PLVSS 
Sbjct: 61 PLVSS 65 






Sequences producing High-scoring Segment Pairs: 	 Score P(N) 	N 
EM_OV:CCTYRHA ! M24778 Quail tyrosine hydroxylase rnRNA, c. .612 3.0e-42 
EM_RO:PSTYRHYDR ! Y09294 P.sungorus mPNA for tyrosine hyd. .439 4.5e-27 
EM_RO:NI1YITHRA ! M69200 Mouse tyrosine hydroxylase, complet. .431 8.le-26 
EM_RO: RN7IOH ! Ml 0244 Rat tyrosine hydroxylase rnRN1, coir. .431 8. le-2 6 
EM_RO:RNWHAB ! L22651 Rat tyrosine hydroxylase (TH) mRNA. .431 8.3e-26 
EM_OM:BTrHA ! M36794 Bovine tyrosine hydroxylase InRNA, Co. .430 9.8e-26 
EM_OM: BTTYRH1A ! M36705 Bovine tyrosine hydroxylase rnFNA ... 430 9. 8e-26 
EM_HLJ1:HSINSTHIG ! L15440 Homo sapiens tyrosine hydroxyla. .429 1.4e-25 
EM_HtJl:HSHTH1R ! X05290 Human mRNA for tyrosine hydroxyla. .416 1.6e-24 
EM_HrJ2:HSTHR ! Y00414 Human mRNA for tyrosine hydroxylase. .416 1.6e-24 
EM_HU2:HSTHX ! M17589 Human tyrosine hydroxylase type 4 m. .416 1.6e-24 
EM_OV:AF033802 ! Af033802 Tilapia mossainbica insulin-like. .389 3.4e-22 
E24_OV:LCAF7942 ! Af007942 Lates calcarifer tyrosine hydro. .371 1.1e-20 
EM_OV:AAAJ731 ! Aj000731 Anguilla anguilla mRN1 for tyros. .344 2.2e-18 
EM_IN:DNENTH ! X76209 D.melanogaster mRNA for tyrosine h. .271 3.2e-12 
EM_OV:CCTYRHP M24778 Quail tyrosine hydroxylase mRNA, complete cds. 8/90 
Length = 2077 
Minus Strand HSPs: 
Score = 612 (169.1 bits), Expect = 3.0e-42, P = 3.0e-42 
Identities = 132/144 (91%), Positives = 132/144 (91%), Strand = Minus / Plus 
Query: 172 CCT GTCAGATGAACCAGAGGTACGAGACT ATCCTGA3CTGCTGCCGTI'CAGCCCT 113 
1111111111111111111111111 	III 	I 	1111111111 	111111 	I 11111111111 
Sbj Ct: 1205 CCTGTCAGkTGAACCAGAGGTACGGGAC1TIATCC'ICGCTGCTGCCGTI'CAGCCCT12 64 
Query: 112 ACCAGGACCAGAACTACCAGCCTGTGTA1T11 TCTGAGGCTTCAGTGATGCCAAAA 53 
liii 	11111 	I 	I IIIIIIIIIIIIIIIIIIIIII 	1111111111111111111 	I III 
Sbj Ct: 1265 GCCAGG1CCAGCCCTACCAGCC3TGTA1"1T1GTGTCTGAGAGCTI'CAGTGP.TGCCAAA13 24 
Query: 52 ACAAGCTGAGGTAGGACGGCAC 29 
I 	1111 
Sbj Ct: 1325 ACAAGC3AGGAACTA3CAGCAC 1348 





Reading High Probability 
Sequences producing High-scoring Segment Pairs: 	Frame Score P(N) 	N 
TREMBL:042428 ! 042428 TYROSINE HYDROXYLASE (FRAQIEN. .-1 198 4.1e-22 1 
TREMBL:P70468 ! P70468 TYROSINE HYDROXYLASE (FRAG1EN. .-1 196 9.7e-22 1 
TREMBL:P97517 ! P97517 TYROSINE HYDROXYLASE (FRAGIEN. .-1 196 9.7e-22 1 
SWISSPROT:TY3H_PHASP P11982 phasiariidae sp. (quail. .-1 209 1.0e-21 1 
SWISSPROT:TY31t_BOVIN ! P17289 bos taurus (bovine). t..-1 202 9.8e-21 1 
SWISSPROT:TY3H_MOUSE ! P24529 mus musculus (mouse). . .-1 199 2.6e-20 1 
SWISSPROT:TY3H_RAT ! P04177 rattus norvegicus (rat) .. .-1 196 6.8e-20 1 
SWISSPROT:TY31t_HUMAN ! P07101 homo sapiens (human). . .-1 190 4.8e-19 1 
SWISSPR0T:TY3H_?NGAN 042091 anguilla anguilla (eur. . -1 187 1.2e-18 1 
SWISSPROT:TY3H_DRONE 1 P18459 drosophila melanogaste. .-1 150 1.8e-13 1 
TREMBL:Q24000 ! Q24000 TYROSINE HYDROXYLASE TYPE 2, .-1 150 1.8e-13 1 
SWISSPROT:TY3H_CAEEL I P90986 caenorhabditis elegans. .-1 134 2.8e-11 1 
SWISSPROT:PH4H_CAEEL I P90925 caenorhabditis elegans. .-1 127 1.0e-09 1 
TREMBL:017498 I 017498 PHENYLALANINE HYDROXYLASE (EC. . -1 126 1.7e-09 1 
TREMBL:046110 ! 046110 PHENYLALANINE HYDR0XYLASE (FR. .-1 107 1.1e-06 1 
TREMBL:Q27600 ! Q27600 PHENYLALANINE HYDROXYLASE (EC. .-1 107 3.4e-06 1 
TREMBL:Q27599 ! Q27599 PHENYLALANINE HYDROXYLASE (EC. .-1 107 3.4e-06 1 
SWISSPROT:PH41._DROME ! P17276 drosophila melanogaste. .-1 107 3.4e-06 1 
SWISSPROT:PH4I-I_RAT ! P04176 rattus norvegicus (rat)...-1 107 3.4e-06 1 
SWISSPROT:TR5H_RAT ! P09810 rattus norvegicus (rat) .. . -1 103 1.4e-05- 1 
TREMBL:042428 042428 TYROSINE HYDROXYIASE (FRAG1ENT). 6/98 
Length = 129 
Minus Strand HSPs: 
Score = 198 (91.1 bits), Expect = 4.le-22, P = 4.1e-22 
Identities = 37/43 (86%), Positives = 39/43 (90%), Frame = -1 
Query: 170 LSDEPE\JRDFDPDAAAVQPYQDQNYQPVYFVSESFSDAKNKLR 42 
LSDEPE R+FDP+AAAVQPYQDQ YQPVYFVSESFSDAK K R 
Sbj ct: 	35 LSDEPETREFDPEAAAVQPYQDQTYQPVYFVSESFSDAKEKFR 77 
Figure 7.8 Cosmid 41 BLASTX Results: Tyrosine Hydroxylase Gene 
Fragment 
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7.2.5 Conservation of Linkage and Gene Order 
To determine the order of the three genes, contig assembly for both cosmids 
was carried out. Figure 7.9 describes the two contigs generated for cosmids 40 and 41 
sequences and outlines which parts of the genes were isolated. Linkage of TH and INS 
could be established as they were found on the same cosmid. This is an example of 
conserved linkage as they are also linked in man and rodents. As the two genes were 
found on the same cosmid, they must be close together but where IGF2 lies in 
relation to INSITH is unknown. The Seqman contigs were merged to resolve this but 
no overlap between the contigs was found. The region expected to link the two 
contigs together, assuming there is conservation of avian and mammalian regions, 
would contain the final INS exon and the estimated 1.4 kb (found between the human 
genes) separating INS from IGF2. The order of the three genes cannot be determined - - 
as these data cannot tell us where IGF2 is in relation to TH and INS. 
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7.3 Discussion 
This work has established the linkage of the genes TH and INS by sequence 
sampling. The probable orientation of the two genes is: 
5' TH-INS3' 
The above orientation has been observed in both humans and in mouse 
(Brilliant et al., 1987), (O'Malley and Rotwein, 1988) and (Rotwein, 1991) and is 
likely to be conserved in chicken. Where IGF2 is in relation to TH and INS could not 
be determined by sequence sampling alone but it is expected that IGF2 will be 
upstream of insulin. Therefore, the expected order of the three genes is expected to 
be: 
.-+ -p 
5' TH - INS - IGF2 3' 
7.4 Conclusion 
Sequence sampling has proven to be an effective means of gene discovery, as 
shown by the results presented in chapters 3 and 5. As a method of establishing the 
order of genes, it is less effective. Further work to establish the order of these genes 
will involve aligning the TH, INS and IGF2 cosmids along a BAC clone spanning the 
5q1 1-q12 region. Alternatively, a fibreFISH approach could be used (Mann et al., 
1997a; Mann etal., 1997b). In addition, as there is no evidence of imprinting in birds 
a future study examining the expression of the maternal and paternal I7VS/IGF2 alleles 






This study has highlighted some interesting features of the chicken genome: 
Differences in gene density between chromosome types (chapters 3 and 5), with 
microchromosomes twice as gene dense as macrochromosomes. 
The number and distribution of CR1 elements between macrochromosomes and 
microchromosomes (chapter 6). The density of CR1 repeats is may be two times 
greater on the macrochromosomes than on the microchromosomes. 
The conservation of genome organisation between chicken and other vertebrates 
(chapter 7). 
In this chapter, these data are discussed with reference theories as to how the 
chicken genome has evolved. 
8.2 Gene Density Differences Between Macrochromosomes and 
Microchromosomes 
The genome sizes of birds, as represented by nuclear DNA content, varies 
little (range of 2.0-3.8 pg) compared to other vertebrates (range from 1-280 pg), 
suggesting some kind of restraint on genome size (Tiersch and Wachtel, 1991). 
Selective pressure placed on the genome to maintain a small size in birds may have 
been an adaptation for ffight. Genome and cell size are correlated in vertebrates and 
avian cells are generally smaller than those of mammals. The smaller cell size allows 
for a greater rate of gas exchange necessary for flight (Hughes and Hughes, 1995). 
This work also suggests that the avian genome was derived from a larger genome, 
with reduction in size mostly occurring in the non-coding regions. Such compaction 
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of the avian genome would have occurred gradually, over a long period of time 
(Hughes and Hughes, 1995). In this thesis I have estimated the number of genes in 
the chicken genome to be 59,000, which is similar to numbers estimated for mammals 
(see chapter 5). Therefore this trend in the reduction of genome size in birds was 
associated with an increase in gene density. I have also shown that there is difference 
in gene density within the genome, with a two-fold difference between 
macrochromosomes and microchromosomes. Is this because of differences in gene 
number or a more rapid DNA loss on the microchromosomes? The observed trend of 
shorter CR! repeats on the microchromosomes (chapter 6) suggests a more rapid 
DNA loss. This difference was not statistically significant but the discovery of more 
CR1 elements may change this. For any comparison of CR1 repeat lengths to have a 
statistical -significance of 95%, 100-new CR1 sequences are required. 
What selective pressures is the chicken genome under? 0-band DNA, which 
has been observed in birds and mammals, may be non-essential and hence not under 
such strong selection pressure (Craig and Bickmore, 1994). As the 
macrochromosomes have more AT-rich, gene poor, 0-band DNA this could be 
evidence of the macrochromosomes being under less selective pressure. This could 
result in a higher number of repeats and more non-essential DNA. The 
microchromosomes, however, tend to be GC rich, gene rich and have more R-band 
DNA and therefore may be under greater selective pressure to maintain gene numbers 
and carry less non-essential DNA. 
In chapter 6, I examined the idea that restraints on genome size could be 
reflected by the distribution of mobile CR1 repeats. The distribution of CR1 repeats 
is likely to be restricted to insertions within non-essential regions. This predicts that 
the density of CR1 repeats will be higher in less gene dense regions. Mapping studies 
do show a two fold difference in CR1 density between the gene poor 
macrochromosomes and gene rich microchromosomes. If the ancestral genome was 
less gene dense then we would predict that older CR1 repeats would be more widely 
dispersed. This is supported by the CR1 studies in chapter 6 where older CR1 
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subfamilies such as F are common, being widely distributed across both 
macrochromosomes and microchromosomes. In contrast, younger CR1 subfamilies 
such as B and C, are mostly found on the gene poor macrochromosomes. In the 
future more younger CR1 repeats need to be mapped for this difference to be 
statistically significant. One approach would be to isolate more CR! repeats by 
sequencing and mapping specific BACs. 
These observations ask the questions of how these differences in gene density 
evolved and how it is maintained? In mammals the gene content may be associated 
with DNA replication and recombination (Craig and Bickmore, 1994). Can a similar 
mechanism be true in chicken? 
- 	8.3 Correlation of Gene Density, Replication and Recombination 
The gene dense microchromosomes replicate early during the first half of S 
phase (McQueen etal., 1998). In mammals the high number of genes in the R and T 
bands may be linked to replication timing. Early replication may direct DNA into 
open transcriptionally competent chromatin, which also replicates early. 
Recombination may tend to initiate in these accessible regions (Craig and Bickmore, 
1994). This may explain why there is a higher rate of recombination in the chicken 
gene dense microchromosomes (Rodionov et al., 1992). Other factors may also be 
involved in maintaining this difference in recombination rate. In higher eukaryotes, 
chromosomal GC content is related to recombination frequency (Rodionov, 1996), 
and the high GC content in chicken microchromosomal DNA may ensure higher 
recombination (Rodionov, 1996). A higher than expected number of microsatellites 
has been found on the microchromosomes (chapter 5). The expected distribution of 
these markers is 70% on the macrochromosomes and 30% on the microchromosomes, 
but the observed distribution is 56% on the macrochromosomes and 44% on the 
microchromosomes. Microsatellites may be involved in recombination rate 
differences as they have been found in recombination hot spots (Brahmachari et al., 
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1995). Due to the large number of small microchromosomes, to maintain at least one 
crossing over event on each, requires a higher recombination rate than found on the 
larger macrochromosomes (Rodionov etal., 1992) and (Rodionov, 1996). 
8.4 Evolution of the Avian Genome: Why Have Macrochromosomes and 
Microchromosomes? 
Why are macrochromosomes and microchromosomes a unique and stable 
feature of birds? Prior to 350 million years ago, the ancestral vertebrate may have had 
24 chromosomes (Morizot, 1994). Some 200 million years ago the common ancestor 
of birds/reptiles diverged and macrochromosomes and microchromosomes appeared 
in the bird lineage (Rodionov, 1997). Why did this happen in birds and not in 
reptiles? Why or how this event occurred is difficult to explain. However, clues to - 
this may come from a discussion on the consequences of having macrochromosomes 
and microchromosomes. Was it by chance or did this have some adaptive value? 
As bird and reptile lineage's diverged, the reptilian lineage may have 
undergone a series of fission's/fusion's which did not drastically change the number 
of chromosomes. In contrast as the bird lineage diverged, ancestral chromosomes 
underwent a number of fission events, increasing the number of chromosomes from 
24 to approximately 40. Therefore, in birds the number of fission's out numbered the 
fusion events. This would imply that once a fission had occurred, a fusion was less 
likely to occur in birds than in mammals. Also, birds appear to have fewer 
chromosomal rearrangements, suggesting that microchromosomes may have ancestral 
gene arrangements (Fillon, 1998). 
What are the reason for more fission events occurring in the chicken genome? 
One suggestion is that when fission occurred in mammalian chromosomes, the 
fragments, were unstable as they lacked telomeres and a centromere. This would 
favour the fusion of chromosomes to create a more stable structure. In contrast, 
chromosome fragments resulting from fission in the chicken have had telomeres and a 
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centromere and were therefore more stable. Alternatively, as the chicken 
chromosomes have fewer repeats through DNA loss there would be less homologous 
sequence between the chromosomes. Chromosome rearrangements such as 
translocations would be less likely. 
In birds, the increase in chromosome number would lead to instability in 
mitosis and meiosis with the need for more chromosome pairing (Rodionov, et al., 
1992) and (Rodionov, 1996), More crossing over was required and therefore the 
recombination rate was increased. This may have occurred by an increase in the gene 
density (see section 8.3) by DNA loss. Alternatively, the recombination rate could be 
maintained by chromosomal fusion. In birds it is the recombination rate that has been 
increased rather than the rate of chromosomal fusion's. 
- 	This process of DNA loss and chromosome fusion would have occurred until 
a state of equilibrium of 8 macrochromosomes and 32 microchromosomes (average - 
number of avian chromosomes) was reached. This asks the question of which came 
first, flight or DNA loss? One hypothesis is that DNA loss occurred first, which led 
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